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(54) INKJET TYPE RECORDING DEVICE AND METHOD OF SUPPLYING INK TO SUB-TANK BY 
THE SAME DEVICE, AND METHOD OF CHECKING AMOUNT OF INK SUPPLIED TO 
SUB-TANK BY THE SAME DEVICE 



(57) The invention relates to an ink jet recording ap- 
paratus capable of properly managing the amount of ink 
with which a subtank is replenished from a main tank, a 
method of replenishing ink to a subtank in the recording 
apparatus, and a method of checking the amount of ink 
with which a subtank is replenished in the recording ap- 
paratus. An ink jet recording apparatus according to the 
invention comprises a recording head being mounted 
on a carriage and reciprocated in a width direction of 
recording paper, and a subtank being mounted on the 

CO 

0. 

LU 



carriage together with the recording head for receiving 
replenishing with ink from a main tank via an ink replen- 
ishing passage and supplying ink to the recording head. 
The recording apparatus has ink amount detector for de- 
tecting the amount of ink stored in the subtank and ink 
replenishing controller for controlling replenishing the 
subtank with ink from the main tank in response to the 
ink amount detection state of the ink amount detector. 
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Description 
TECHNICAL FIELD 

[0001] This invention relates to an ink jet recording ap- 5 
paratus wherein a subtank for supplying ink to a record- 
ing head is mounted on a carnage on which the record- 
ing head is mounted, and the subtank is replenished 
with ink in succession from a main tank via an ink re- 
plenishing tube, a method of replenishing ink to the sub- 
tank, and a method of checking the replenished amount 
of ink to the subtank. 

BACKGROUND ART 

[0002] An ink jet recording apparatus can form small 
dots at a high density with relatively small noise at the 
print time, and thus nowadays is used for various types 
of print including color print. Such an ink jet recording 
apparatus generally comprises an ink jet recording head 
mounted on a carriage and moving in a width direction 
of recording paper, and a paper feeder for relatively 
moving the recording paper in a direction orthogonal to 
a move direction of the recording head so that ink drops 
are ejected from the recording head based on print data, 
to perform recording on the recording paper 
[0003] The recording head capable of ejecting black 
ink, yellow ink, cyan ink, and magenta ink, for example, 
is mounted on the carriage and not only text print in black 
ink, but also full color print is enabled by varying a ratio 
of the respective inks ejected. 
[0004] On the other hand, in this kind of recording ap- 
paratus provided for offices or business, for example, it 
becomes necessary to dispose a large-capacity ink car- 
tridge to deal with a relatively large amount of print, and 
thus a recording apparatus of the type wherein a main 
tank as an ink cartridge is placed in a placement unit 
(cartridge holder) placed on a side of the recording ap- 
paratus main unit, for example, is provided. 
[0005] Subtanks are placed on the carriage on which 
the recording head is mounted and each subtank is re- 
plenished with ink from the main tank via an ink replen- 
ishing tube, and further ink is supplied from each sub- 
tank to the recording head. 

[0006] By the way, nowadays a large-sized recording 
apparatus with a long scanning distance of a carriage 
capable of printing on a large paper face is demanded. 
In such a recording apparatus, to improve throughput, 
a recording head is provided with a larger number of 
nozzles more and more. Further, to improve throughput, 
a recording apparatus wherein while print is executed, 
each subtank mounted on a carriage can be replenished 
with ink in succession from a main tank and ink is sup- 
plied stably from each subtank to the main tank is de- 
manded. 

[0007] In such a recording apparatus, an ink replen- 
ishing tube needs to be connected from the main tank 
to each subtank corresponding to each ink and the scan 



distance of the carriage is large and thus the tube run 
length grows inevitably. Moreover, a recording head is 
provided with a larger number of nozzles as mentioned 
above and thus a technical problem is involved wherein 
the consumed ink amount is large, the dynamic pres- 
sure of ink is thus raised in each ink replenishing tube 
connected from the main tank to each subtank, and the 
replenished amount of each subtank with ink is thereby 
insufficient. 

[0008] As one means for solving such a problem, for 
example, a configuration for applying an air pressure to 
the main ink side and generating a forcible ink flow by 
the air pressure from the main tank to each subtank for 
replenishing the subtank with necessary and sufficient 
ink can be adopted. 

[0009] To attempt to adopt such a configuration, it is 
necessary to manage so that the ink amount in each 
subtank always becomes a predetermined range, and 
the necessity of adopting a function capable of adjusting 
the acceptance amount of ink from the main tank in each 
subtank occurs. 

DISCLOSURE OF THE INVENTION 

[001 0] It is therefore an object of the invention to pro- 
vide an ink jet recording apparatus capable of properly 
managing the amount of ink with which a subtank is re- 
plenished from a main tank, a method of replenishing 
ink to a subtank in the recording apparatus, and a meth- 
od of checking the replenished amount of ink to the sub- 
tank. 

[001 1] In order to achieve the above object, according 
to the invention, there is provided an ink jet recording 
apparatus comprising: 

a recording head mounted on a carriage to be re- 
ciprocately moved in a widthwise direction of re- 
cording paper; and 

a subtank mounted on the carriage for supplying 
ink, which is replenished from a main tank, to the 
recording head, 

characterized in that 

the ink jet recording apparatus further comprises: 

an ink amount detector, which detects an amount 
of ink stored in the subtank; and 
a replenishment controller, which controls replen- 
ishment of ink from the main tank to the subtank in 
accordance with the ink amount detected by the ink 
amount detector. 

[0012] According to the invention, there is also pro- 
vided a method of replenishing ink stored in a main tank 
to a subtank mounted on a carriage reciprocately mov- 
ing in a widthwise direction of recording paper, together 
with a recording head, which are incorporated in an ink 
jet recording apparatus, the method comprising the 
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steps of: 

opening an ink replenishing valve provided in a re- 
plenishment passage which connects the main tank 
and the subtank, in accordance with an amount of 
ink stored in the subtank; and 
closing the ink replenishing valve, 
wherein pressure generated by an air compressing 
pump forming a compressor unit is applied to the 
main tank; and 

wherein the opening and closing steps are repeat- 
edly performed. 

[0013] According to the invention, there is also pro- 
vided a method of checking replenishment of ink stored 
in a main tank to a subtank mounted on a carriage re- 
ciprocately moving in a widthwise direction of recording 
paper, together with a recording head, which are incor- 
porated in an ink jet recording apparatus, the method 
comprising the steps of: 

detecting an ink amount replenished to the subtank 
by the ink amount detector; 
discharging ink from the recording head when it is 
detected an ink overflow state in which the replen- 
ished ink amount detected by the detecting step ex- 
ceeds a predetermined value; 
checking whether the subtank is in the ink overflow 
state by detecting again an ink amount replenished 
to the subtank by the ink amount detector, after the 
discharging step; 

continuing a printable state of the apparatus when 
the ink overflow state is not detected by the check- 
ing step; and 

determining an error state of the apparatus when 
the ink overflow state is detected by the checking 
step. 

[0014] Alternatively, the checking method may com- 
prise the steps of: 

detecting an ink amount replenished to the subtank 
by the ink amount detector; 
discharging ink from the recording head when it is 
detected an ink overflow state in which the replen- 
ished ink amount detected by the detecting step ex- 
ceeds a predetermined value, while incrementing a 
number of which the ink overflow state is detected; 
repeating the discharging step and the increment- 
ing step while comparing the detected number with 
a predetermined number; and 
detecting an error state of the apparatus when the 
detected number reaches the predetermined 
number. 

[0015] Alternatively, the checking method may com- 
prise the steps of: 



detecting an ink amount replenished to the subtank 
by the ink amount detector; 
performing a predetermined amount of printing 
when it is detected an ink overflow state in which 

5 the replenished ink amount detected by the detect- 
ing step exceeds a predetermined value; 
checking whether the subtank is in the ink overflow 
state by detecting again an ink amount replenished 
to the subtank by the ink amount detector, after the 

10 printing step; 

continuing a printable state of the apparatus when 
the ink overflow state is not detected by the check- 
ing step; and 

determining an error state of the apparatus when 
15 the ink overflow state is detected by the checking 
step. 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 [0016] 

Fig. 1 is a plan view to show the general configura- 
tion of an ink jet recording apparatus incorporating 
the invention. 

25 Fig. 2 is a schematic drawing to show an ink supply 
system from a main tank to a recording head. 
Fig. 3 is a schematic drawing to show a mode in 
which subtanks are arranged in parallel and mag- 
netoelectric devices are disposed. 

30 Fig. 4 is a schematic drawing to show another mode 
in which a magnetoelectric device is disposed on 
each subtank. 

Fig. 5 is a characteristic drawing to show the rela- 
tionship between a permanent magnet attached to 

35 a float member and the magnetic flux detection sen- 
sitivity of the magnetoelectric device. 
Fig. 6 is a schematic drawing to examine the rela- 
tionship between the placement position of the per- 
manent magnet attached to the float member and 

40 the placement position of the magnetoelectric de- 
vice on the subtank side. 

Fig. 7 is a schematic drawing to examine another 
configuration of the placement position of the per- 
manent magnet attached to the float member and 
« the placement position of the magnetoelectric de- 
vice on the subtank side. 

Fig. 8 is a schematic drawing to examine the rela- 
tionship of the ink amount detection accuracy in the 
subtank with the distance between a pivotal center 

50 of the float member and the permanent magnet. 

Fig. 9 is a schematic drawing to examine the rela- 
tionship of the ink amount detection accuracy in the 
subtank if the distance between the pivotal center 
of the float member and the permanent magnet is 

55 shortened. 

Fig. 10 is a schematic drawing to show preferred 
ink amount detection levels when an ink-low state 
condition is detected by an ink amount detector 
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placed in the subtank. 

Fig. 11 is a sectional view to show a part of the main 
tank and a cartridge holder in a state in which an 
ink replenishing valve is closed. 
Fig. 1 2 is a sectional view to show a part of the main 5 
tank and the cartridge holder in a state in which the 
ink replenishing valve is opened. 
Fig. 13 is a flowchart to show an ink replenishing 
control routine of the subtank from the main tank, 
executed in the recording apparatus; w 
Fig. 14 is a schematic drawing to show an ink supply 
system from the main tank to the recording head. 
Fig. 15 is a sectional view to show the configuration 
of an ink cartridge shown in Fig. 2. 
Fig. 1 6 is a block diagram to show the configuration 1 5 
of a control circuit installed in the ink jet recording 
apparatus shown in Fig. 1 . 
Fig. 17 is a flowchart to show an operation routine 
for detecting an ink end condition of the cartridge 
performed by the control circuit shown in Fig. 16. 20 
Fig. 1 8 is a schematic drawing to show a first exam- 
ple of an ink end detector that can be used in the 
operation routine for detecting the ink end condition 
shown in Fig. 17. 

Fig. 19 is a schematic drawing to show a second 25 
example of the ink end detector. 
Fig. 20 is a schematic drawing to show a third ex- 
ample of the ink end detector. 
Fig. 21 is a flowchart to show the basic concept of 
a method of checking the replenished amount of ink 30 
to the subtank. 

Fig. 22 is a flowchart to show the basic concept of 
a different checking method. 
Fig. 23 is a flowchart to show a control routine to 
use the checking method shown in Fig. 21. 35 
Fig. 24 is a flowchart to show a control routine to 
use different checking method for the ink replenish- 
ing system. 

Fig. 25 is a schematic drawing to show another con- 
figuration of an ink supply system from a main tank *o 
to a recording head in ink jet recording apparatus 
incorporating the invention. 
Fig. 26 is a block diagram to show another embod- 
iment of the invention. 

Fig. 27 is a block diagram to show a modified ex- 45 
ample of the embodiment in Fig. 26. 
Fig. 28 is a block diagram to show ink amount de- 
tector used with the embodiment shown in Figs. 26 
and 27. 

Fig. 29 is a schematic drawing to show another em- so 

bodiment according to the invention. 

Fig. 30 is a chart to show the relationship between 

the time to re-fill (re-replenish) and the residual ink 

amount. 

Fig. 31 is a chart to show the relationship between 55 
the residual ink amount and the discharged ink 
. amount. 



BEST MODE FOR CARRYING OUT THE INVENTION 

[0017] Embodiments of ink jet recording apparatuses 
according to the invention will be discussed with refer- 
ence to the accompanying drawings. 
[0018] Fig. 1 shows an example of an ink jet recording 
apparatus incorporating the invention as a top view. 
[0019] In Fig. 1 , a carriage 1 is guided by a scanning 
guide member 4 via a timing belt 3 driven by a carriage 
motor 2 and is reciprocated in a main scanning direction 
of the longitudinal direction of a paper feeder 5, namely, 
the width direction of recording paper. Although not 
shown in Fig. 1, an ink jet recording head 6 described 
later is mounted on a face of the carriage 1 opposed to 
the paper feeder 5. 

[0020] Subtanks 7a to 7d for supplying ink to the re- 
cording head 6 are also mounted on the carriage 1 . In 
the embodiment, to temporarily store inks in the sub- 
tanks, four subtanks 7a to 7d are provided in a one-to- 
one-correspondence with the inks. 
[0021] Black ink, yellow ink, magenta ink, and cyan 
ink are supplied to the subtanks 7a to 7d via flexible ink 
replenishing tubes 1 0 forming ink supply passages from 
main tanks 9a to 9d as ink cartridges placed in a car- 
tridge holder 8 placed at an end part of the recording 
apparatus. 

[0022] On the other hand, a capping unit 11 capable 
of sealing a nozzle formation face of the recording head 
is placed in a non-print area (home position) on the 
move passage of the carriage 1 and further a cap mem- 
ber 11a formed of a flexible material of rubber, etc., ca- 
pable of sealing the nozzle formation face of the record- 
ing head is placed on the top of the capping unit 11. 
When the carriage 1 moves to the home position, the 
nozzle formation face of the recording head is sealed by 
the cap member 11a. 

[0023] The cap member 1 1 a serves as a lid for sealing 
the nozzle formation face of the recording head 6 for 
preventing nozzle openings from drying, during the non- 
operating period of the recording apparatus. One end of 
a tube in a suction pump (tube pump) is connected to 
the cap member 11a although not shown in the figure, 
and the cleaning operation of causing a negative pres- 
sure produced by the suction pump to act on the record- 
ing head for sucking and discharging ink from the re- 
cording head 6 is executed. 

[0024] A wiper 12 made of an elastic material of rub- 
ber, etc., is placed on the print area side of the capping 
unit 11 to wipe and clean the nozzle formation face of 
the recording head as required. 
[0025] Next, Fig. 2 schematically shows the configu- 
ration of an ink supply system installed in the recording 
apparatus shown in Fig. 1 . The ink supply system will 
be discussed together with Fig. 1 with the same numer- 
als shown. In Figs. 1 and 2, air compressed by an air 
compressing pump 21 , which forms a part of a compres- 
sor unit, is supplied to a pressure regulating valve 22 
also serving as an atmospheric release valve, and fur- 
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ther is supplied via a pressure detector 23 to the main 
tanks 9a to 9d (denoted representatively by numeral 9 
in Fig. 2 and in the description to follow, the main tanks 
may be representatively denoted simply by numeral 9). 
[0026] The pressure regulating valve 22 also serving 5 
as an atmospheric release valve has a function of re- 
leasing pressure for maintaining the air pressure applied 
to each of the main tanks 9a to 9d in a predetermined 
range when the air pressure compressed by the air com- 
pressing pump 21 reaches a predetermined pressure or 10 
more. The pressure release valve also has a function 
capable of releasing the compressed state produced by 
the air compressing pump 21 in response to an instruc- 
tion. 

[0027] Further, the pressure detector 23 senses the « 
air pressure compressed by the air compressing pump 
21 and controls driving the air compressing pump 21 . 
That is, if the pressure detector 23 detects the air pres- 
sure compressed by the air compressing pump 21 
reaching the predetermined pressure, it stops driving 20 
the air compressing pump 21 and if the pressure detec- 
tor 23 detects the air pressure compressed by the air 
compressing pump 21 becoming less than determined 
pressure, it drives the air compressing pump 21 , and 
this control sequence is repeated, thereby maintaining 25 
the air pressure applied to each of the main tanks 9a to 
9d in the predetermined range. As the schematic struc- 
ture of the main tank 9 is shown in Fig. 2, the outer hull 
of the main tank is hermetically formed and an ink pack 
24 formed of a flexible material in which ink is sealed is 30 
stored in the main tank. The space formed by the main 
tank 9 and the ink pack 24 forms an air chamber (pres- 
sure chamber) 25 and compressed air via the pressure 
detector 23 is supplied to the inside of the air chamber 
25. 35 
[0028] According to the configuration, each ink pack 
24 stored in each of the main tanks 9a to 9d undergoes 
pressurization of the compressed air and an ink flow un- 
der a predetermined pressure is produced from each of 
the main tanks 9a to 9d to each of the subtanks 7a to 7d. 40 
[0029] Ink compressed in each of the main tanks 9a 
to 9d is supplied to each of the subtanks 7a to 7d mount- 
ed on the carriage 1 (the subtanks are denoted repre- 
sentatively by numeral 7 in Fig. 2 and in the description 
to follow, the subtanks may be representatively denoted 45 
simply by numeral 7) via each of ink replenishing valves 
26 and each of the ink replenishing tubes 10 forming an 
ink replenishing controller. 

[0030] Although the configuration of the subtank 7 
shown in Fig. 2 will be described later in detail, in the so 
basic configuration of the subtank 7, a float member 31 
is placed in the subtank and a permanent magnet 32 is 
attached to a part of the float member 31 . Magnetoelec- 
tric devices 33a and 33b (in the description to follow, the 
magnetoelectric devices may be representatively de- 55 
noted simply by numeral 33) represented by hall devices 
are placed on a board 34 and are attached to a side wall 
of the subtank 7. 



[0031] According to the configuration, the permanent 
magnet 32 placed on the float member 31 and the hall 
devices 33a and 33b for producing electric output in re- 
sponse to the magnetic flux density of the permanent 
magnet 32 following the float position of the float mem- 
ber 31 make up an ink amount detector. 
[0032] Therefore, for example, if the ink amount in the 
subtank 7 becomes low, the position of the float member 
31 housed in the subtank moves in a gravity direction 
and the position of the permanent magnet 32 also 
moves in the gravity direction accordingly. Therefore, 
the electric output of the hall devices 33a and 33b as 
the permanent magnet moves can be sensed as the ink 
amount in the subtank 7, and the ink replenishing valve 
26 is .opened based on the electric output provided by 
the hall devices 33a and 33b. 

[0033] Thus, the ink compressed in the main tank 9 is 
supplied separately to the associated subtank 7 in which 
the ink amount lowers. If the ink amount in the subtank 
7 reaches a predetermined volume, the ink replenishing 
valve 26 is closed based on the electric output provided 
by the hall devices 33a and 33b. Such a sequence is 
repeated, whereby the subtank is replenished intermit- 
tently with ink from the main tank and an almost constant 
amount of ink is always stored in each subtank. 
[0034] Since each subtank 7 is thus replenished with 
the corresponding ink compressed by the air pressure 
in the main tank 9 based on the electric output based 
on the position of the float member 31 placed in the sub- 
tank 7, the ink replenishing response can be enhanced 
and the ink storage amount in the subtank 7 is managed 
appropriately. 

[0035] Ink is supplied from each subtank 7 to the re- 
cording head 6 via a valve 35 and a tube 36 connected 
thereto and ink drops are ejected through nozzle open- 
ings 6a formed in the nozzle formation face of the re- 
cording head 6 based on print data supplied to the re- 
cording head 6. In Fig. 2, a tube connected to the cap- 
ping unit 11 is connected to the suction pump (tube 
pump) not shown. Numeral 7e denotes an atmospheric 
release port made in the subtank 7. 
[0036] Next, disposition examples of the permanent 
magnet and the magnetoelectric device provided for the 
subtank will be discussed with reference to Figs. 3 to 9. 
Figs. 3A and 3B show a state in which the subtanks hav- 
ing the described configuration are arranged in parallel 
for making up a subtank unit and shows a mode in which 
the hall device 33 as the magnetoelectric device is dis- 
posed on the side wall of each subtank as a schematic 
drawing. Fig. 3A is a sectional view taken along a line 
E-E in Fig. 3B viewed in the arrow direction. Fig. 3B is 
a sectional view of a state in which one of the subtanks 
making up the subtank unit is cut in a plane direction. 
The subtank unit supported in a parallel state is housed 
in a holder 81. It comprises a board holder 82 having 
engagement members 82a for engaging with fitting 
holes 81a made in the holder 81 , and the hall device 33 
is placed on the side wall part of each subtank 7 in an 
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urged state by a plurality of springs 83 placed between 
the board holder 82 and the board 34 on which the hall 
devices 33 are arranged. In the disposition example, the 
case where one hall device 33 is provided for each sub- 
tank is taken as an example, but two hall devices may 5 
be provided for each subtank, as described above. 
[0037] In this case, as shown in the figure, the subtank 
7 is formed in the side wall with a recess part 41c for 
positioning the hall device 33 and the recess part 41c 
for positioning is formed, whereby the side wall part of io 
the subtank 7 is made thinner and the distance between 
the moving path of the permanent magnet 32 attached 
to the float member 31 and the hall device 33 can be 
made shorter. 

[0038] Figs. 4A and 4B show a modified example *5 
wherein the hall device 33 as the magnetoelectric de- 
vice is disposed on the side wall of the subtank 7 as a 
schematic drawing. In the modified example, the board 
34 on which the hall devices 33 are disposed is attached 
to the subtanks 7 by thermal caulking. Fig. 4A shows a 20 
state just before thermal caulking is executed as a sec- 
tional view and Fig. 4B shows a state after thermal 
caulking is executed as a sectional view. 
[0039] In this case, the subtank 7 is formed of a ther- 
moplastic resin and is previously formed on the side wall 25 
part with a pair of projections 41 d as shown in Fig. 4A. 
On the other hand, the board 34 on which the hall device 
33 is mounted is formed with a pair of through holes 34a 
at the positions corresponding to the pair of projections 
41d. 30 
[0040] As shown in Fig. 4A, the through holes 34a 
made in the board 34 are inserted into the projections 
41 d and in this state a heated jig (not shown) is pressed 
against the projections 41 d as indicated by arrows F, 
whereby the projections 4 1 d are melted and become de- 35 
formed like flat plates because of the thermoplastic 
property for holding the board 34 on the side wall part 
of the subtank 7 as shown in Fig. 4B. 
[0041] Also in the example shown in the figures, the 
recess part 41c for positioning the hall device 33 is 40 
formed, whereby the side wall part of the subtank 7 is 
made thinner and the distance between the moving path 
of the permanent magnet 32 attached to the float mem- 
ber 31 and the hall device 33 can be made shorter. 
[0042] The distance between the moving path of the 45 
permanent magnet and the hall device will be dis- 
cussed. Fig. 5 examines the distance between the mov- 
ing path of the permanent magnet 32 attached to the 
float member 31 and the hall device 33 as the magne- 
toelectric device and shows the relationship between 50 
the distance therebetween and the magnetic flux detec- 
tion sensitivity of the hall device 33. 
[0043] That is, a curve G indicates setting such that 
the distance between the moving path of the permanent 
magnet 32 and the hall device 33 becomes relatively 55 
short, and a curve H indicates a case where the distance 
between the moving path of the permanent magnet 32 
and the hall device 33 is relatively long. The longitudinal 



solid line represents the magnetic flux density received 
by the hall device 33 and the lateral solid line indicates 
the moving path of the permanent magnet 32, namely, 
the displacement of the permanent magnet 32 from the 
center longitudinal solid line where the permanent mag- 
net 32 is brought closest to the hall device 33. 
[0044] Here, it is assumed that the electric output pro- 
duced by the hall device 33 is used in a line area almost 
proportional to the magnetic flux density received at 
each (the electric output is used in the area proportional 
to the magnetic flux density). Therefore, if a threshold 
voltage (threshold level) for opening/closing the valve 
26 upon reception of the electric output produced by the 
hall device 33 is SL in Fig. 5, the width of the area cross- 
ing SL in the characteristic G becomes narrow as indi- 
cated by I and the width of the area crossing SL in the 
characteristic H becomes wide as indicated by J. 
[0045] In other words, as the distance between the 
moving path of the permanent magnet 32 and the hall 
device 33 is narrower, the detection sensitivity relative 
to of the displacement of the permanent magnet 32 can 
be enhanced and the detection accuracy of the remain- 
ing flow amount of ink in the subtank can be more im- 
proved. Therefore, the subtank 7 is formed in the side 
wall with the recess part 41 c for positioning the hall de- 
vice 33 and the side wall part of the subtank 7 is made 
thin in the presence of the recess part 41c for position- 
ing, so that the detection accuracy of the remaining flow 
amount of ink in the subtank can be more improved. 
[0046] Figs. 6 and 7 examine the relationship be- 
tween the placement position of the permanent magnet 
attached to the float member and the placement position 
of the hall device as the magnetoelectric device on the 
subtank side. That is, in the configuration shown in Fig. 
6, the hall device 33 mounted on the board 34 is placed 
on the side wall part of the subtank 7 and on the other 
hand, the permanent magnet 32 is placed on the float 
member 31 on an extension of a support arm 45 and the 
hail device 33 senses the magnetic flux density as the 
permanent magnet 32 placed on the float member 
moves in the gravity direction. That is, the configuration 
shown in Fig. 6 is a similar configuration to that of the 
embodiment shown in Figs. 2 to 4. 
[0047] On the other hand, in the configuration shown 
in Fig. 7, the hall device 33 mounted on the board 34 is 
placed on the upper wall of the subtank 7 and the per- 
manent magnet 32 is placed on the upper wall of the 
float member 31 . The magnetic flux density change on 
the hall device 33 as the permanent magnet 32 placed 
on the float member 31 moves in the gravity direction is 
sensed. Therefore, in the configuration shown in Fig. 7, 
electric output responsive to the remaining flow amount 
of ink in the subtank 7 can also be produced and the 
mode can also be adopted effectively. 
[0048] However, in the configuration of placing a plu- 
rality of hall devices for generating output signals differ- 
ent in phase as the permanent magnet placed on the 
float member moves, the mode shown in Fig. 6 is effec- 
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tive. This configuration is shown schematically in Fig. 8. 
That is, on the side wall of the subtank 7, two hall devices 
33a and 33b are placed along the moving path of the 
permanent magnet placed on the float member. Accord- 
ing to the mode, taking a state in which the subtank is 5 
replenished with ink as an example, as the float member 
moves (rises) in the anti-gravity direction following re- 
plenishing with ink, first a large magnetic force acts on 
the second hall device 33b and if replenishing with ink 
is further continued, large magnetic force acts on the w 
first hall device 33a. 

[0049] Therefore, outputs of the hall devices 33a and 
33b are converted into binary signals based on a pre- 
determined threshold voltage, combinations of (00), 
(01), (11), and (10) can be provided and it is made pos- *5 
sible to recognize the ink amount in the subtank with 
good accuracy. For example, if the ink amount in the 
subtank is gradually decreased by the print operation, it 
can also be recognized with good accuracy. 
[0050] Fig. 9 examines the relationship of the ink 
amount detection accuracy in the subtank with the dis- 
tance between the pivotal center of the float member 31 
and the permanent magnet in the above-described con- 
figuration shown in Fig. 8. That is, in Fig. 8, the distance 
between pivotal center 44 of the float member and the 
permanent magnet 32 is shown as L1 and in Fig. 9, the 
distance is shown as L2. 

[0051] In the modes shown in Figs. 8 and 9, the dis- 
tance between the center parts of the hall devices 33a 
and 33b is shown as L3. In both the configurations, for 
example, if L1 is 50 mm and L2 is 25 mm and L3 is 5 
mm, comparison of the detection accuracy between the 
first and second hall devices 33a and 33b is as follows: 
[0052] In the configuration shown in Fig. 8, the differ- 
ence between the distance between the permanent 
magnet 32 and the first hall device 33a when the per- 
manent magnet 32 faces the first hall device 33a and 
the distance between the permanent magnet 32 and the 
second hall device 33b when the permanent magnet 32 
faces the second hall device 33b, namely, W1 shown in 
Fig. 8 becomes 0.25 mm. 

[0053] On the other hand, in the configuration shown 
in Fig. 9, the difference between the distance between 
the permanent magnet 32 and the first hall device 33a 
when the permanent magnet 32 faces the first hall de- 
vice 33a and the distance between the permanent mag- 
net 32 and the second hall device 33b when the perma- 
nent magnet 32 faces the second hall device 33b, name- 
ly, W2 shown in Fig. 9 becomes 0.51 mm. 
[0054] As the widths of the W1 and W2 are larger, var- 
iations occur in detection in the first and second hall de- 
vices 33a and 33b and particularly, to detect the ink 
amount in the subtank in the four-combination state re- 
sulting from converting the outputs of the hall devices 
33a and 33b into binary signals based on the predeter- 
mined threshold voltage as described above, it is ideal 
that the W1 and W2 are nearer to zero. 
[0055] According to the examinations, it is desirable 



to set so that the distance between the pivotal center of 
the float member 31 and the permanent magnet 32 be- 
comes longer as shown in Fig. 8, and therefore prefer- 
ably the placement position of support shaft 44 for sup- 
porting the float member 31 for rotation is formed in the 
proximity of an end part in a horizontal direction in the 
subtank 7. 

[0056] As seen from the description made the above, 
the recording apparatus comprises the float member 31 
housed in the subtank 7 and floating up in accordance 
with ink stored in the subtank 7, the magnetoelectric de- 
vice 33 (33a, 33b) as an output generator for generating 
electric output following the float position of the float 
member 31 responsive to the ink amount in the subtank 
7, and the ink replenishing valve 26 as supply controller 
for controlling the amount of ink supplied to the subtank 
in accordance with the electric output provided by the 
output generator, and thus the subtank 7 is replenished 
with ink in succession from the main tank 9 in response 
to the ink storage amount in the subtank 7. Therefore, 
a proper amount of ink is stored in the subtank while 
print is continued, so that it is made possible for even a 
recording apparatus with a long scanning distance ca- 
pable of printing on a large-scaled paper face, for ex- 
ample, to stably execute print without degrading 
throughput. 

[0057] In the ink amount detector realized by the float 
member 31 in the subtank, it is desired that the detection 
level of an ink-low state should be set so that ink remains 
in the subtank as ink is consumed by executing one 
cleaning operation. The detection level of the ink-low 
state is thus set, whereby if the cleaning operation is 
executed, for example, just before the ink amount de- 
tector detects the ink-low state, the subtank can be pre- 
vented from becoming empty of ink. 
[0058] A concept as shown in Figs. 1 0A and 1 0B can 
be adopted as a method of setting the ink-low state de- 
tection level. Figs. 10Aand 10B schematically show the 
state of the subtank in an ink-low state condition. First, 
Fig. 10A shows a state in which the ink volume in the 
subtank corresponding to a predetermined value (ink- 
low state) detected by the ink amount detector is set to 
the amount or more of ink consumed by one cleaning 
operation. In this case, the remaining ink amount in the 
subtank at the ink-low state detection level is shown as 
(A). Letting the amount of ink consumed by one cleaning 
operation be (B) t if the ink-low state level is set so that 
the relation of A > B is set, the subtank can be prevented 
from becoming empty of ink if the cleaning operation is 
executed just before the ink amount detector detects the 
ink-low state. 

[0059] Next, Fig. 10B shows a state in which the ink 
volume in the subtank corresponding to a predeter- 
mined value (ink-low state) detected by the ink amount 
detector is set to the amount or more resulting from sub- 
tracting the amount of ink with which the subtank is re- 
plenished during the cleaning operation from the 
amount of ink consumed by one cleaning operation. In 
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this case, the remaining ink amount in the subtank at 
the ink-low state detection level is shown as (A'). The 
amount of ink consumed by one cleaning operation is 
(B). However, if the cleaning operation is executed and 
the ink amount detector detects the ink-iow state, the 5 
ink replenishing valve 26 is opened and thus the subtank 
is replenished with the ink amount shown as (C) during 
the cleaning operation. 

[0060] Therefore, if the ink-low state level is set so 
that the relation of (A* + C) > B is satisfied, the subtank 
can be prevented from becoming empty of ink if the 
cleaning operation is executed just before the ink 
amount detector detects the ink-low state. In other 
words, the relation of A* > (B - C) as mentioned above 
is satisfied. Thus, the ink-low state level detected by the 
ink amount detector can be set to a lower level than that 
shown in Fig. 10A, and it is also made possible to design 
the capacity of each subtank mounted on the carriage 
as a small size. 

[0061] Next, the placement state of the main tanks in 
the cartridge 8 and the ink replenishing value will be dis- 
cussed in detail with reference to Figs. 11 and 12. Figs. 
11 and 12 are sectional views to show a part of the main 
tank 9 and a part of the cartridge holder 8 on an enlarged 
scale in the state in which the main tank 9 as an ink 
cartridge mentioned above in the cartridge holder 8. Fig. 
11 shows a state in which the ink replenishing value 26 
placed in the cartridge holder 8 is closed, and Fig. 12 
shows a state in which the ink replenishing value 26 is 
opened; parts corresponding to the parts previously de- 
scribed are denoted by the same numerals. 
[0062] An ink tap 71 is formed integrally with the ink 
pack 24 stored in the main tank 9 and is attached so as 
to project from one end part of the main tank 9 to the 
outside. A packing member 71 a formed like a ring is 
placed at the tip part of the ink tap 71 and a valve mem- 
ber 71b placed slidably in an axial direction in the ink 
tap 71 is urged to the side of the packing member 71a 
by a spring 71c. 

[0063] According to the configuration, if the main tank 
9 is not placed in the cartridge holder 8, the valve mem- 
ber 71b abuts the packing member 71a so that leaking 
out ink from the ink pack 24 can be blocked. In the state 
shown in the figure, the valve member 71b is pushed in 
by a hollow needle described later and ink can be de- 
rived from the ink pack 24. 

[0064] On the other hand, a connection plug 73 is 
formed to project at the center of the cartridge holder 8. 
A hollow needle 73b formed with an ink inlet hole 73a 
in the vicinity of the tip part is placed in the connection 
plug 73 and further a slider 73c placed slidably in the 
axial direction is provided so as to surround the outer 
periphery of the hollow needle 73b. The slider 73c is 
urged so as to forward project by a spring 73d. 
[0065] According to the configuration, if the main tank 
9 is not placed in the cartridge holder 8, the slider 73c 
closes the ink inlet hole 73a made in the hollow needle 
73b to close the valve. In the state shown in the figure, 



the slider 73c is pushed in by the connection plug 73 in 
the cartridge holder 8, the ink inlet hole 73a in the hollow 
needle 73b is exposed, and ink can be introduced into 
the hollow needle 73b from the main tank 9. 
[0066] The outer hull member of the main tank 9 is 
formed with an inlet port 75 formed of a tubular body 
communicating with the air chamber (pressure cham- 
ber) 25. On the other hand, a compressed air supply 
plug 77 is disposed in the cartridge holder tank 8 and 
an annular packing member 77a is placed in the com- 
pressed air supply plug 77. Therefore, in the state 
shown in the figure in which the main tank 9 is placed 
in the cartridge holder 8, the annular packing member 
77a placed in the cartridge holder 8 is brought into inti- 
mate contact with and is coupled with the outer periph- 
eral surface of the inlet port 75 formed of a tubular body. 
Accordingly, the compressed air can be introduced into 
the air chamber (pressure chamber) 25 of the main tank 
9. 

[0067] The ink replenishing value 26 is disposed at a 
base end part of the hollow needle 73b disposed in the 
cartridge holder 8 and the ink replenishing tube 10 is 
connected via the valve 26, so that the subtank 7 mount- 
ed on the carriage 1 can be replenished with ink as de- 
scribed above. 

[0068] The ink replenishing value 26 comprises a di- 
aphragm valve 26a and its peripheral margin part is 
sandwiched between a first case 26b and a second case 
26c and the diaphragm valve 26a is housed in both the 
cases. A slide shaft 26d attached to almost the center 
of the diaphragm valve 26a is attached slidably in the 
axial direction to the second case 26c. The slide shaft 
26d receives a driving force produced by an electromag- 
netic plunger 79 as an actuator and is driven in a hori- 
zontal direction as shown in the figure. Therefore, upon 
reception of the axial driving force of the slide shaft 26d, 
almost the center of the diaphragm valve 26a is moved 
in the horizontal direction. 

[0069] In the embodiment, the driving force produced 
by the electromagnetic plunger 79 is transmitted to one 
end part of a driving lever 78 pivoted via a support shaft 
78a and is transmitted to the slide shaft 26d capable of 
driving the diaphragm valve 26a at an opposite end part 
of the drive lever. 

[0070] Further, a spring 26e is placed between the 
slide shaft 26d and the second case 26c and when the 
electromagnetic plunger 79 is in a non-activated state, 
as shown in Fig. 11 , the center of the diaphragm valve 
26a closes an opening part 26f made in the first case 
26b connected to the base end part of the hollow needle 
73b to close the valve by the urging force of the spring 
26e. When the electromagnetic plunger 79 is activated, 
as shown in Fig. 12, a driving rod 79a of the electromag- 
netic plunger 79 is pulled in, whereby the slide shaft 26d 
is pulled out via the driving lever 78. Therefore, the cent- 
er of the diaphragm valve 26a leaves the opening part 
26f made in the first case 26b and is opened. 
[0071] Therefore, in the open state of the diaphragm 
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valve 26a as the electromagnetic plunger 79 is activat- 
ed, ink is introduced from the ink pack 24 into the first 
case 26b in which the diaphragm valve is placed via an 
ink flow passage provided by the hollow needle 73b as 
indicated by the arrow in Fig. 12, and the subtank 7 can 5 
be replenished with ink via the ink replenishing tube 10 
connected to the first case 26b. When the amount of ink 
in the subtank 7 reaches the predetermined volume, the 
electromagnetic plunger 79 is not activated and replen- 
ishing with ink is stopped according to output of the hall 10 
devices 33a and 33b fordetecting the magnetic flux den- 
sity change of the permanent magnet 32 following the 
float position of the float member 31 placed in the sub- 
tank 7. 

[0072] If the operation power of the recording appa- 15 
ratus is turned off, the electromagnetic plunger 79 is also 
placed in a non-activated state, whereby the center of 
the diaphragm valve 26a closes the opening part 26f 
made in the first case 26b connected to the base end 
part of the hollow needle 73b to close the valve by the 20 
urging force of the spring 26e, as shown in Fig. 11. 
Therefore, if a water head difference exists between the 
main tank 9 and the subtank 7, ink flowing in either di- 
rection via the ink replenishing tube 10 can be blocked. 
[0073] As understood from the configuration shown in 25 
Figs. 1 1 and 1 2, the ink flow passage to the opening part 
26f of the first case 26b in which the diaphragm valve 
26a is placed, namely, the ink flow passage formed in 
the hollow needle 73b and the ink flow passage from the 
inside of the case 26b to the ink replenishing tube 10 30 
are made almost orthogonal to each other and the der- 
ivation part of the ink replenishing tube 10 connected to 
the case 26b is placed so as to head for almost in a ver- 
tical direction. 

[0074] According to the configuration, air bubbles en- 35 
tered when the main tank 9 as an ink cartridge is placed 
in the cartridge holder 8 can be floated toward the ink 
replenishing tube 10 side without building up in the vi- 
cinity of the diaphragm valve 26a. The air bubbles float- 
ed toward the ink replenishing tube 10 side are intro- *o 
duced into the subtank 7 and are floated, so that a prob- 
lem of the air bubbles entering the recording head 6 and 
causing a print failure to occur can be circumvented. 
[0075] In the embodiment shown in Figs. 11 and 12, 
the ink replenishing valve comprising the diaphragm 45 
valve 26a is placed in the cartridge holder 8 in which the 
main tank is placed. That is, the ink replenishing valve 
is placed in the close vicinity of the main tank side in the 
ink replenishing passage from the main tank to the sub- 
tank. For example, if the main tank 9 is drawn out from 50 
the cartridge holder 8, leaking out ink existing in the ink 
replenishing tube 10 to the cartridge holder 8 side can 
be effectively blocked because the ink replenishing 
valve is placed in the close vicinity of the cartridge holder 
8. 55 
[0076] In this case, although the cartridge holder 8 
comprises the slider 73c for covering the ink inlet hole 
73a of the hollow needle 73b to close the valve, placing 



the ink replenishing valve in the close vicinity of the main 
tank side as can contribute to more effective blocking of 
leaking out ink from the connection plug 73 in the car- 
tridge holder upon reception of a backward flow caused 
by the water head difference, because the valve closing 
function of the ink inlet hole 73a by the slider 73c and 
the valve closing function by the ink replenishing value 
26 work as a synergistic effect. 
[0077] Since the recording apparatus is configured as 
described above, ink is always pushed out by com- 
pressed air from the main tank to the subtank during the 
operation of the recording apparatus. The amount of ink 
in the subtank is detected by the ink amount detector 
and opening and closing the ink replenishing valve 
placed in the ink replenishing passage from the main 
tank to the subtank are controlled by control signals pro- 
vided by the ink amount detector, whereby necessary 
and sufficient ink can always be stored in the subtank. 
[0078] That is, the recording apparatus comprises the 
ink amount detector for detecting the amount of ink 
stored in the subtank and the ink replenishing controller 
being placed in the ink replenishing passage between 
the main tank and the subtank for controlling replenish- 
ing the subtank with ink from the main tank in response 
to the ink amount detection state of the ink amount de- 
tector and thus the subtank is always replenished with 
ink, for example, even during printing and a proper 
amount of ink can be held in the subtank. Therefore, for 
example, if the recording apparatus is adopted as a 
large-sized recording apparatus using a recording head 
with a large number of nozzles and having a carriage 
with a long scanning distance, stable print operation can 
be executed without degrading throughput. According 
to the ink jet recording apparatus adopting the ink re- 
plenishing method, air pressure is applied to the main 
tank by the compressor unit so as to control the opening/ 
closing of the ink replenishing valve placed in the ink 
replenishing passage between the main tank and the 
subtank, in response to the detection state of the 
amount of ink stored in the subtank. Thus, in addition to 
the above-described technical advantage, the replen- 
ishing operation of each subtank with ink can be per- 
formed promptly and the amount of ink in each subtank 
can always be managed in a proper state. 
[0079] The ink supply valve closed when the opera- 
tion power of the recording apparatus is off is placed in 
the ink supply passage from the main tank as an ink car- 
tridge to the subtank mounted on the carriage. Thus, 
during the non-operating period of the recording appa- 
ratus or at the time of an unexpected power outage, ink 
flowing in either direction because of the water head dif- 
ference between the main tank and the subtank can be 
blocked and the recording apparatus not polluting the 
machine with leaked ink can be provided. 
[0080] For example, if the ink amount detector con- 
taining the float member malfunctions or some failure 
occurs in the control signal transmission system from 
the ink amount detector to the ink replenishing valve in 
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the ink jet recording apparatus configured as described 
above, an accident occurs in which the ink replenishing 
valve is not closed although the subtank is replenished 
with a predetermined amount of ink. If such an accident 
occurs, the following problem can occur: The subtank is 5 
continuously replenished with ink from the main tank by 
the compressed air and ink leaks via the atmospheric 
release port 7e formed in the subtank or the like, pollut- 
ing the surroundings. 

[0081] Then, a control routine of replenishing the sub- 10 
tank with ink intended so as to prevent such a problem 
of leaking ink from the subtank, for example, assuming 
the accident as described above will be discussed with 
reference to Fig. 13. The replenishing operation of the 
subtank with ink will be discussed according to the con- *5 
trol routine shown in Fig. 13. 

[0082] First, at step S11 , ink level detection in the sub- 
tank is executed. It is determined by output of the hall 
devices 33a and 33b for detecting the magnetic flux den- 
sity of the permanent magnet attached to the float mem- 20 
ber as described above. 

[0083] Here, if the ink amount detector determines 
that the amount of ink in the subtank is less than a pre- 
determined value, the case is called "LOW and if the 
ink amount detector determines that the amount of ink 25 
in the subtank reaches a sufficient amount, the case is 
called "FULL." If the ink amount is determined "FULL" 
at step S11 , a return mode is entered and subsequently 
the ink amount is monitored at step S11. If the ink 
amount is determined "LOW" as the recording head 30 
consumes ink, control goes to step S12 and the ink re- 
plenishing valve 26 is opened. 
[0084] Therefore, replenishing the subtank with ink 
from the main tank is started (ink replenishing step). 
Subsequently, the ink amount detector monitors the ink 35 
amount in the subtank as shown at step S1 3. Just after 
the replenishing valve 26 is opened at the step S1 2, nor- 
mally the "LOW" state is detected at step S13 and de- 
termination shown at step S14 is made. 
[0085] That is, at step S14, the elapsed time since the *o 
ink replenishing valve opening operation executed at 
step S12 is determined and if the elapsed time is less 
than a predetermined time period, control returns to step 
S13 and ink level detection in the subtank is executed, 
namely, the ink amount detector monitors the control 45 
output. The loop returning to step S13 from step S14 
mentioned above is repeated. 
[0086] In the state in which the elapsed time is less 
than the predetermined time period, the subtank is re- 
plenished with ink and if the ink amount is determined so 
"FULL" at step S13, control goes to step S15 at which 
the ink replenishing valve 26 is closed and a return mode 
is entered (ink replenishment stopping step). Therefore, 
the operation shown at steps S1 1 to S1 5 is repeated and 
the subtank is intermittently replenished with ink from 55 
the main tank. The operation shown at steps S11 to S15 
is repeated when the ink replenishing operation is per- 
formed normally. 



[0087] Here, for example, if the float member 31 form- 
ing a part of the ink amount detector undergoes some 
failure and does not float up, for example, although the 
subtank is replenished with a sufficient amount of ink, 
the subtank is continuously replenished with an exces- 
sive amount of ink. A similar accident also occurs if an 
unexpected failure occurs in the control signal transmis- 
sion system from the ink amount detector to the ink re- 
plenishing valve. Consequently, a problem of ink over- 
flowing the subtank occurs. 

[0088] The routine shown at the step S14 and step 
S1 6 following the step controls so as to prevent the sub- 
tank from being replenished with an excessive amount 
of ink assuming occurrence of such a failure. That is, at 
step S14, the elapsed time period since the ink replen- 
ishing valve opening executed at step S12 is monitored 
as described above, and if it is determined in the loop 
operation of steps S13 and S14 that "FULL" is not de- 
tected, namely, the "LOW" state remains although the 
predetermined time period has elapsed, control goes to 
step S16 and the ink replenishing valve 26 is forcibly 
closed (ink replenishment forcibly stopping step). 
[0089] In such a state, it can be assumed that some 
failure occurs in the ink replenishing system as de- 
scribed above and therefore the valve is forcibly closed 
automatically because of the expiration of the predeter- 
mined time period managed at step S14, whereby re- 
plenishing the subtank with excessive ink can be 
stopped. If control goes to step S14, it is desired that 
error display indicating the ink supply failure state 
should be produced for informing the user that trouble 
in the ink replenishing system occurs. 
[0090] According to the described configuration, for 
example, when a failure such that a predetermined air 
pressure is not applied to the air chamber (pressure 
chamber) 25 of the main tank or such that ink is hard to 
flow in the tube 10 forming the ink replenishing passage 
from the main tank to the subtank occurs, error display 
can also be produced, in which case a print failure can 
occur and anyway the user can be informed of the ne- 
cessity for maintenance. 

[0091] As seen from the description made above, the 
ink jet recording apparatus adopting the ink replenishing 
control method comprises the controller for forcibly clos- 
ing the ink replenishing valve placed in the ink replen- 
ishing passage from the main tank as an ink cartridge 
to the subtank if the predetermined time period has 
elapsed after the ink replenishing valve was opened, so 
that the problem of polluting the machine with leaked 
ink, etc., in the recording apparatus using this kind of 
ink supply system for pressurizing the main tank can be 
solved. 

[0092] Next, a second embodiment comprising ink 
end detector for checking whether or not an ink cartridge 
of a main tank is in an ink end condition will be discussed 
with reference to Figs. 14 to 20. Members correspond- 
ing to those previously described with reference to Figs. 
1 to 13 are denoted by the same reference numerals in 
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Figs. 14 to 20 and will not be discussed again in detail. 
[0093] In the main tank 9 as an ink cartridge, a mem- 
ory 27 capable of recording information concerning the 
main tank 9 is placed in a part of a case of the main tank 
as also shown in Fig. 15, and data concerning the re- 
sidual ink amount in the main tank is written into the 
memory 27 as described later. As shown in Fig. 14, a 
terminal 28 for writing or reading information into or from 
the memory 27 is placed on a part of the main tank 9, 
and when the main tank 9 is placed in a recording ap- 
paratus, the terminal is electrically connected to the re- 
cording apparatus and information concerning the re- 
sidual ink amount in the main tank is transferred. 
[0094] A detection switch 29 forming an ink end de- 
tector for detecting the amount of ink stored in the main 
tank becoming a predetermined value or less may be 
provided in the main tank 9 as also shown in Fig. 15. 
One face of the ink pack 24 is put on the inner face of 
the case forming the main tank 9, for example, with a 
double-faced adhesive sheet and an actuation plate 24b 
is put on another face of the ink pack 24 in a similar 
manner. According to the configuration, if the amount of 
ink sealed in the ink pack 24 becomes low, a part of the 
actuation plate 24b functions so as to turn on the detec- 
tion switch 29, for example, as the ink pack 24 contracts. 
[0095] As show in Fig. 14, a terminal 30 where on/off 
information of the switch 29 is derived is placed on a 
part of the main tank 9 and when the main tank 9 is 
placed in the recording apparatus, the terminal can be 
electrically connected to the recording apparatus. 
[0096] On the other hand, in the embodiment, a con- 
sumed ink amount calculator for calculating the con- 
sumed ink amount in a subtank as described later is pro- 
vided, and if the calculator determines that ink consump- 
tion in the subtank exceeds a predetermined amount, 
the ink replenishing valve 26 is opened. Thus, ink com- 
pressed in the main tank 9 is separately sent to the sub- 
tank 7 where ink consumption exceeds the predeter- 
mined amount. 

[0097] If the residual ink amount in the subtank 7 
reaches a predetermined volume, the ink replenishing 
valve 26 is closed based on output of ink amount detec- 
tor containing the float member as described above. 
Such a sequence is repeated, whereby the subtank is 
intermittently replenished with ink from the main tank 
and ink in a constant range is always stored in each sub- 
tank. 

[0098] Fig. 16 shows an example of a control circuit 
forming an ink end detector of a cartridge, installed in 
the recording apparatus according to the second em- 
bodiment. Parts corresponding to those previously de- 
scribed are denoted by the same reference numerals in 
Fig. 16, and therefore will not be discussed again. As 
shown in Fig. 16, the suction pump 15 is connected to 
capping unit 11 and the discharge side of the suction 
pump 15 is connected to a waste ink tank 16. 
[0099] In Fig. 16, a print controller 100 has a function 
of generating bit map data based on print data from a 



host computer, and causing a head driver 101 to gener- 
ate a drive signal based on the data for ejecting ink 
through the recording head 6 mounted on the carriage 
1. Upon reception of a flushing command signal from a 
5 flushing controller 1 02, the head driver 101 also outputs 
a drive signal for the flushing operation to the recording 
head 6 in addition to the drive signal based on the print 
data. 

[0100] A cleaning controller 103 has a function of con- 
to trolling a pump driver 105 for driving the suction pump 
15 upon reception of a control signal from a cleaning 
command detector 104. A cleaning command switch 
106 placed on an operation panel, etc., of the recording 
apparatus is operated, whereby the cleaning command 
15 detector 104 operates and manual cleaning operation 
is executed. 

[0101] The cleaning controller 103 also receives a 
control signal from the print controller 100 and compris- 
es a cleaning operation function of controlling the pump 
20 driver 105 for driving the suction pump 15 according to 
the received control signal. 

[0102] On the other hand, each of the print controller 
100, the flushing controller 102, and the cleaning con- 
troller 103 supplies a control signal to a consumed ink 

25 amount calculator 107. The consumed ink amount cal- 
culator 107 has a function of calculating the consump- 
tion amount of ink stored in each subtank 7. The number 
of ink drops ejected through the recording head by the 
print controller 100 based on the print data and the 

30 number of ink drops ejected through the recording head 
by the flushing operation of the flushing controller 102, 
and data whenever the cleaning operation of sucking 
and discharging ink from the recording head by the 
cleaning controller 103 is executed are supplied to the 

35 consumed ink amount calculator 1 07. 

[0103] The consumed ink amount calculator 107, 
which receives the data, accesses a coefficient provider 
108 based on the number of ink drops ejected through 
the recording head by execution of print, the number of 

40 ink drops ejected through the recording head by the 
flushing operation, and ink discharge processing each 
time the cleaning operation is executed and multiplies 
the data by a coefficient corresponding to each, thereby 
calculating the consumption amount of ink in the sub- 

45 tank 7. 

[01 04] The consumption amount of ink in the subtank 
7 thus calculated is sent to a subtank consumed ink 
counter 109 and is counted up (added). If the count 
reaches a predetermined numeric value, it means a 
so state in which the ink amount in the subtank 7 is de- 
creased, and therefore the ink replenishing valve 26 is 
opened so as to replenish the subtank with ink from the 
main tank. 

[0105] If the ink volume in the subtank 7 becoming a 
55 predetermined value (almost fill-up state) as the subtank 
is replenished with ink is detected based on electric out- 
put of the hall devices 33a and 33b, the ink replenishing 
valve 26 is closed as mentioned above, and at the same 
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time, the count of the subtank consumed ink counter 1 09 
is reset. 

[0106] On the other hand, information of the con- 
sumed ink amount in the subtank is transferred from the 
subtank consumed ink counter 109 to a main tank re- 5 
sidual ink counter 110. The data concerning the residual 
ink amount in the main tank stored in the memory 27 
installed in the placed main tank is preset in the main 
tank residual ink counter 1 1 0 through write and read unit 
111. 10 
[0107] The count of the subtank consumed ink coun- 
ter 109 just before it is reset is sent to the main tank 
residual ink counter 110 and the count of the subtank 
consumed ink counter 109 is subtracted from the count 
indicating the residual ink amount in the main tank. Ac- 15 
cordingly, the main tank residual ink counter 110 is dec- 
remented as ink is consumed, and the numeric data is 
written into the memory 27 through a reader/writer 111 . 
The consumed ink amount calculator 107, the coeffi- 
cient provider 108, the subtank consumed ink counter 
109, and the main tank residual ink counter 110 gener- 
ally are placed in the recording apparatus, but may be 
placed in the host computer as required. 
[01 08] A control signal sent to open the ink replenish- 
ing valve 26 from the subtank consumed ink counter 1 09 
is supplied to a timer 112. The timer 112 starts to count 
the time period at the same time as the ink replenishing 
valve 26 is opened. It receives output of the hall devices 
33a and 33b occurring when the subtank 7 is placed al- 
most in a fill-up state. 

[0109] Upon reception of the control signal sent to 
open the ink replenishing valve 26, the timer 112 starts 
to count the time period, and if the output of the hall de- 
vices 33a and 33b occurring when the subtank 7 is 
placed almost in a fill-up state does not come although 
a predetermined time period has elapsed, the timer 112 
causes a display 113 to display a message, etc., indi- 
cating that the main tank is in an ink end condition. 
[0110] That is, in the recording apparatus, com- 
pressed air is supplied to the inside of the air chamber 
(pressure chamber) of the main tank and each subtank 
is replenished with ink from each main tank by the com- 
pressed air. Therefore, the time interval between the in- 
stant at which replenishing each subtank with ink is 
started and the instant at which the subtank 7 is placed 
almost in a fill-up state is found on the design. Thus, if 
replenishing each subtank with ink is insufficient al- 
though the time interval is exceeded largely, it can be 
estimated that the main tank is in an ink end condition. 
[0111] If the main tank being in an ink end condition 
is thus detected, the display 83 is caused to display a 
message, etc., indicating that the main tank is in an ink 
end condition, and the print operation of the recording 
apparatus is stopped. Accordingly, a problem of making 
also the subtank empty of ink can be circumvented and 
air bubbles entering the ink supply passage of the re- 
cording head can be blocked effectively. Although the 
display 83 may be placed in the recording apparatus, 



display of the host computer may be used as required. 
[0112] At this time, ink in the main tank can be spent 
all until the main tank becomes almost empty of ink, and 
the running cost and the load of treating the remaining 
ink in the scrapped ink cartridge, etc., can be decreased. 
[01 1 3] By the way, according to the main tank ink end 
detector having the described configuration, for exam- 
ple, if some failure occurs in the ink replenishing pas- 
sage from the main tank to the subtank or the supply 
passage of the compressed air, there is a probability that 
it may be recognized by mistake that the main tank is in 
an ink end condition. A control routine shown in Fig. 17 
is designed so that it can circumvent such a problem. 
The function of the control routine will be discussed to- 
gether with the control circuit shown in Fig. 16 with ref- 
erence to a flowchart indicating the control routine. 
[0114] To detect an ink end condition of the main tank, 
first the amount of ink consumed for print, etc., is added 
to the subtank consumed ink counter as shown at step 
S11. To do this operation, the consumption amount of 
ink in the subtank calculated by the consumed ink 
amount calculator 107 shown in Fig. 16 is sent to the 
subtank consumed ink counter 109 for adding the con- 
sumed ink amount. At step S1 2, whether or not the sub- 
tank consumed ink counter is greater than a predeter- 
mined value (A) is checked. 

[0115] This is to check whether or not the count of the 
subtank consumed ink counter 109 shown in Fig. 16 ex- 
ceeds the predetermined value (A). If it is determined 
that the count does not exceed the predetermined value 
(A) (No), the ink volume in the subtank has a margin. 
Therefore, control returns until the count exceeds the 
predetermined value (A), and the routine at the steps 

511 and S12 is repeated. If it is determined at the step 

51 2 that the numeric value of the subtank consumed ink 
counter 109 exceeds the predetermined value (A), con- 
trol goes to step S13 and the operation of replenishing 
the subtank with ink is started. This is performed by 
opening the ink replenishing valve 26. Subsequently, at 
step S14, whether or not replenishing the subtank with 
ink is complete is checked. To do this, output of the hall 
devices 22a and 33b is used as described above. 
[0116] Concurrently with the checking at step S14, 
checking whether or not the predetermined time period 
has elapsed since the operation of replenishing the sub- 
tank with ink was started is also started at step S18. This 
is performed by the timer 112 shown in Fig. 16. It is de- 
termined that replenishing the subtank with ink is com- 
plete before the expiration of the predetermined time pe- 
riod (Yes), the ink replenishing operation is stopped at 
step S15. This is performed by closing the ink replen- 
ishing valve 26 as described above. 

[0117] At step S16, the subtank consumed ink coun- 
ter 109 is reset and at step S17 following the step, the 
value (A) is subtracted from the main tank residual ink 
counter 110. 

[0118] Accordingly, the ink amount as much as one 
replenishing the subtank with ink is subtracted and the 
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subtraction result (in other words, the residual ink 
amount in the ink cartridge) is set in the main tank re- 
sidual ink counter 110. 

[0119] On the other hand, it is determined at the step 
S14 that replenishing the subtank with ink is not com- 
plete (No), and moreover it is determined at step S18 
that the predetermined time period has elapsed, it is es- 
timated that the ink cartridge becomes empty of ink. 
Then, at step S19, the operation of replenishing the sub- 
tank with ink is stopped. 

[0120] Subsequently, at step S20, whether or not the 
cartridge residual ink amount counter 110 is equal to or 
less than a predetermined value is determined. If replen- 
ishing the subtank with ink is not complete within the 
predetermined time period although the main tank re- 
sidual ink counter 11 0 does not reach the predetermined 
value or less (No), in other words although a consider- 
able amount of ink is left in the cartridge, it can be as- 
sumed that some trouble occurs, for example, in the ink 
replenishing passage, the supply passage of the com- 
pressed air, or the like. In this case, error display is pro- 
duced on the display 113. 

[0121] If it is determined at the step S20 that the main 
tank residual ink amount counter 110 reaches the pre- 
determined value or less (Yes), it is determined that the 
ink cartridge enters an end condition certainly. In this 
case, display indicating the ink end is produced on the 
display 113. That is, the determination at the step S20 
is provided, whereby the ink end condition of the main 
tank can be recognized correctly. 
[0122] In the embodiment described above, the infor- 
mation of the residual ink amount in the ink cartridge is 
read from the memory 27 placed in a part of the case 
forming the main tank as the ink cartridge, and the con- 
sumed ink amount in the subtank is subtracted from the 
information for use as the residual ink amount informa- 
tion of the ink cartridge. 

[01 23] However, the detection switch 29 placed in the 
ink cartridge, for example, as shown in Figs. 14 and 15 
can be used as means for recognizing the residual 
amount information of ink in the ink cartridge. 
[0124] In this case, the residual amount information 
of ink in the cartridge based on the detection switch 29 
is used at step S20 shown in Fig. 17 as information for 
determining whether the condition is an error or ink end 
condition. 

[01 25] Pressurized air is introduced into the air cham- 
ber (pressure chamber) of the ink cartridge and the sub- 
tank is replenished with ink, but the invention can also 
be used for recording apparatuses other than such a 
type of recording apparatus. For example, in a recording 
apparatus for sucking so as to place the inside of a sub- 
tank in negative pressure and replenishing the subtank 
with ink or a recording apparatus for providing a water 
head difference between an ink cartridge and a subtank 
for producing an ink flow from the ink cartridge into the 
subtank, physical detectors as shown in Figs. 18 to 20 
can be used as the residual amount detector of ink in 



the cartridge. 

[0126] First, Fig. 18 shows a configuration wherein a 
case of an ink cartridge 9 is molded of a transparent res- 
in and a light source 86 an a photosensor 87 are placed 

5 so as to sandwich the vicinity of the lower portion of the 
case. As shown in Fig. 18A, if a large amount of ink is 
stored in the ink cartridge 9, projection light from the light 
source 86 is blocked and thus the sensor 87 cannot 
sense the projection light. As shown in Fig. 18B, the ink 

10 jn the cartridge 9 is decreased to less than a predeter- 
mined value, the sensor 87 can sense the projection 
light from the light source 86 through the case molded 
of a transparent resin and the residual ink amount is de- 
termined less than the predetermined value. 

15 [0127] Fig. 19 shows a configuration wherein a case 
of an ink cartridge 9 is molded of a transparent resin and 
a prism part 85 is formed at a corner between the lower 
bottom portion and the side wall portion of the case. That 
is, the incidence angle on the print part 85 from the light 

20 source 86 and the outgoing angle from the prism part 
85 to the sensor 87 are set to each an angle of 6 (= 45 
degrees). The residual amount of ink in the ink cartridge 
is detected based on the difference between the critical 
angle of total reflection determined by the flexion ratio 

25 between the ink in the cartridge 9 and the resin forming 
the case and the critical angle of total reflection deter- 
mined by the flexion ratio between air and the resin form- 
ing the case. 

[0128] Further, Fig. 20 shows a configuration wherein 

30 a pair of electrode terminals 90a and 90b is buried to- 
ward the storage space of ink in the proximity of the low- 
er bottom face of a case of an ink cartridge 9 and a pre- 
determined voltage is applied to one electrode terminal 
90a from a constant-voltage source 91. A resistor 92 is 

35 connected to the other electrode terminal 90b between 
the electrode terminal and reference potential (ground) 
and a voltage detector 93 for detecting a potential oc- 
curring at the resistor 92 is connected to the other elec- 
trode terminal 90b mentioned above. 

40 [0129] According to the configuration, if ink of a ca- 
pacity to such an extent that the pair of electrode termi- 
nals is brought into conduction or more is left in the ink 
cartridge, the voltage detector 93 detects a predeter- 
mined voltage value or more. If the residual amount of 

45 ink in the ink cartridge is near an end condition, the volt- 
age value detected by the voltage detector 93 lowers by 
far. Therefore, the configuration makes it possible to de- 
tect the residual amount of ink in the ink cartridge. 
[01 30] The ink end detector in the ink cartridge shown 

so in Figs. 18 to 20 described above can also be used re- 
placing the numeric value of the residual amount coun- 
ter of the cartridge at step S20 in Fig. 17 described 
above. 

[0131] According to an ink jet recording apparatus 
55 adopting such a cartridge ink end determination meth- 
od, if the amount of ink with which a subtank is replen- 
ished is insufficient although the ink replenishing time of 
the subtank from an ink cartridge exceeds a predeter- 
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mined time period, the ink cartridge is determined to be 
in an ink end condition, so that the ink end condition of 
the ink cartridge can be recognized precisely. An ink end 
condition of an ink cartridge is detected by such a de- 
tection method, whereby uneconomical management of 5 
replacing the ink cartridge with a large amount of ink left 
or the like can be circumvented. 
[0132] Next, there will be described a method of 
checking whether the overflow condition is erroneous 
detection of the ink level caused accidentally by a factor 
as mentioned above or an overflow condition caused by 
a true failure, in a case where the ink amount detector 
comprising the two hall devices 33a and 33b described 
above detects an overflow condition of ink. A control cir- 
cuit is basically the same as that shown in Fig. 16 and 
therefore flowcharts are used for the description to fol- 
low. 

[0133] Fig. 21 is a flowchart to show the basic concept 
of a first checking method. That is, first as shown at step 
S11, whether or not subtank is in an overflow condition 
is checked based on the output combination of the two 
hall devices 33a and 33b making up the ink amount de- 
tector. If it is determined that the subtank is not in an 
overflow condition (No), control is returned and a similar 
determination is repeated from the start. 
[0134] If it is determined at the step S11 that the sub- 
tank is in an overflow condition, overflow time cleaning 
operation is executed as shown at step S12. In the 
cleaning operation at this time (hereinafter, called as an 
overflow cleaning), the nozzle formation face of the re- 
cording head 6 is sealed with the capping unit 11 and 
negative pressure produced by the suction pump 15 is 
applied, whereby ink is sucked and discharged from the 
recording head. In the overflow cleaning, a larger 
amount of ink than that in the manual cleaning operation 
or timer cleaning operation is sucked and discharged. 
[0135] At step S13 after execution of such overflow 
cleaning, again whether or not the subtank is in an over- 
flow condition is checked by the ink amount detector. 
Here, if it is determined that the subtank is not in an over- 
flow condition (No), the control is returned. Erroneous 
detection of the ink level accidentally caused by vibra- 
tion, etc., is possible at the determination time at the step 
S11, in which case it is determined that the subtank is 
not in an overflow condition, of course. Although the 
subtank actually enters an overflow condition, the over- 
flow condition may be canceled by executing the over- 
flow cleaning at step S12. In any way, it is determined 
that the subtank is not in an overflow condition in the 
result of the rechecking, the printable state of the record- 
ing apparatus is continued. 

[0136] On the other hand, if it is determined that the 
subtank is still in an overflow condition (Yes) in the result 
of the rechecking, it is estimated that the subtank enters 
an overflow condition because of some failure, in which 
case it is desirable that error display indicating the ne- 
cessity for maintenance should be produced on the dis- 
play 113. 



[0137] Next, Fig. 22 is a flowchart to show the basic 
concept of a second checking method when the ink 
amount detector detects an ink overflow condition. In the 
second checking method, the operation of sucking and 
discharging ink from the recording head is executed two 
or more times and whether or not the subtank is in an 
ink overflow condition is checked each time the opera- 
tion of sucking and discharging ink is executed. That is, 
as shown at step S21, whether or not the subtank is in 
an overflow condition is checked based on the output 
combination of the two hall devices 33a and 33b making 
up the ink amount detector as at the step S11. If it is 
determined that the subtank is not in an overflow condi- 
tion (No), control is returned and a similar determination 
is repeated from the start. 

[0138] If it is determined at the step S21 that the sub- 
tank is in an overflow condition, the number of times the 
subtank has been determined to be in an overflow con- 
dition, n, is incremented by one as shown at step S22. 
The incremented number of times an overflow condition 
has been detected, n, is compared with a predetermined 
value N at step S23. Here, if it is determined that the 
number of times an overflow condition has been detect- 
ed, n, is less than the predetermined value N (No), a 
predetermined amount of ink is sucked and discharged 
from the recording head. Also in this case, the nozzle 
formation face of the recording head 6 is sealed with the 
capping unit 11 and negative pressure produced by the 
suction pump 15 is applied, whereby ink is sucked and 
discharged from the recording head. The amount of 
sucking and discharging ink at the step S24 is controlled 
so as to become an amount less by far than that the 
amount of sucking and discharging ink in the overflow 
cleaning. Again, control returns to step S21 and whether 
or not the subtank is in an overflow condition is checked 
by the ink amount detector. If it is determined that the 
subtank is not in an overflow condition (No), control is 
returned. It can also be estimated that erroneous detec- 
tion was accidentally caused by vibration, etc., at the 
previous ink level detection time, and the printable state 
of the recording apparatus is continued. 
[01 39] If it is determined that the subtank is in an over- 
flow condition although again the check is made at step 
S21 , the routine of incrementing the number of times the 
subtank has been determined to be in an overflow con- 
dition, n, by one as mentioned above is repeated. If it is 
determined at step S23 that the number of times the 
subtank has been determined to be in an overflow con- 
dition, n, reaches the predetermined value N (Yes), it is 
estimated that the subtank enters an overflow condition 
because of some failure. Also in this case, it is desirable 
that error display indicating the necessity for mainte- 
nance should be produced on the display 113. 
[0140] According to the control routine shown in Fig. 
22, the amount of ink discharged at a time from the re- 
cording head is lessened and whether or not the subtank 
is in an overflow condition is determined over several 
times. If it is determined that the overflow condition is 
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canceled in a state in which the number of times the sub- 
tank has been determined to be in an overflow condition, 
n, does not reach the predetermined value N, the print- 
able state of the recording apparatus is continued. 
Therefore, the control routine can contribute to a de- 
crease in the total discharge amount of ink. 
[0141] Fig. 23 shows a specific control routine to use 
the checking method shown in Fig. 21 for the ink replen- 
ishing system of the recording apparatus described 
above. The routine is executed separately for each of 
the main tanks as ink cartridges and each of the sub- 
tanks corresponding thereto. The control routine is start- 
ed when the operation power of the recording apparatus 
is turned on and every five seconds, for example, during 
printing, and whether or not replenishing the subtank 
with ink from the main tank is enabled is determined. 
[0142] First, when the operation power of the record- 
ing apparatus is turned on, a replenishing stop flag is 
reset as shown at step S31 . That is, the replenishing 
stop flag is reset, whereby it is made possible to replen- 
ish the subtank 7 with ink. The amount of ink in the sub- 
tank 7 is determined from determination of ink level de- 
tection shown at step S33, namely, the output combina- 
tion of the two hall devices 33a and 33b making up the 
ink amount detector. 

[0143] On the other hand, during the print operation, 
the determination shown at step S32 is entered every 
five seconds as mentioned above, and whether the re- 
plenishing stop flag is set or reset is determined. If the 
replenishing stop flag is set, the subtank is not replen- 
ished with ink and the replenishing valve 26 is closed as 
shown at step S34, then control is returned. If it is de- 
termined at step S32 that the replenishing stop flag is 
reset, control goes to the step S33 and ink level detec- 
tion in the subtank 7 is determined. 
[0144] At step S33, which condition of ink overflow, 
full, and low is determined as mentioned above. If the 
condition is determined an overflow condition, control 
goes to step S35 and the replenishing stop flag is set. 
The replenishing valve 26 is closed as shown at step 
S36. Subsequently, the pressure regulating valve (relief 
valve) 22 is opened as shown at step S37, whereby 
compressed air by the air compressing pump 21 is re- 
leased to the atmosphere. Here, the overflow cleaning 
is executed as shown at step S38. That is, the cleaning 
operation at this time is operation similar to that at step 
S12 previously described with reference to Fig. 21, 
whereby a large amount of ink is sucked from the re- 
cording head 6. At step S39 following the step, whether 
or not the amount of ink in the subtank 7 is an overflow 
condition is determined. That is, the step S39 is similar 
to step S13 previously described with reference to Fig. 
21. If it is determined at the step S39 that the subtank 
is still in an overflow condition (Yes), it is estimated that 
the subtank 7 enters an overflow condition because of 
some failure, in which case error display indicating the 
necessity for maintenance is produced on the display 
113. 



[0145] On the other hand, if it is determined at the 
above-described step S39 that the subtank is not in an 
overflow condition (No), it can be estimated that the de- 
termination result of overflow at the step S33 is errone- 

5 ous detection of the ink level caused accidentally. 
Therefore, in this case, the pressure regulating valve 
(relief valve) 22 is closed as shown at step S40 and the 
air compressing pump 21 is driven for pressuring the ink 
cartridge as shown at step S41. That is, the recording 

10 apparatus is restored to the printable state and control 
is returned. 

[0146] If it is determined at the above-described step 
S39 that the subtank is not in an overflow condition (No), 
it can be estimated that in the previous ink level detec- 
ts tion operation, vibration, etc., is received and erroneous 
detection results, as described above. Thus, in this 
case, a warning containing a message of "do not give 
vibration," or the like may be displayed on the display 
113. 

20 [0147] Control returns to the step S33 and if it is de- 
termined at the step S33 that ink is a full condition, the 
subtank 7 need not be replenished with ink, and control 
is returned. If it is determined at step S33 that ink is a 
low condition, control goes to step S42 and the count- 

25 up value of the subtank consumed ink counter 1 09 is 
referenced. Whether or not the consumed ink amount 
in the subtank is equal to or greater than "Ch* w is 
checked. 

[0148] This M Ch* n is a predetermined value set as a 
30 parameter and if it is determined that the count-up value 
of the consumed ink counter 1 09 does not reach the pre- 
determined value (No), control is returned. If it is deter- 
mined that the count-up value of the consumed ink 
counter 109 reaches the predetermined value (Yes), 
35 control goes to the routine of replenishing the subtank 
7 with ink. 

[0149] In the embodiment, if the ink level detection re- 
sult at step S33 is a low condition and the count-up value 
of the consumed ink counter 109 reaches the predeter- 

40 mined value or more, replenishing the subtank 7 with 
ink is started, as described above. Such a logical multi- 
plication is applied, whereby the interval of replenishing 
the subtank 7 with ink can be prolonged, and the man- 
agement accuracy of the storage amount of ink in the 

45 subtank 7 can also be enhanced. 

[0150] That is, for example, if replenishing the sub- 
tank 7 with ink is started based only on the ink level de- 
tection result at step S33, replenishing with ink is started 
in the ink-low state condition and when the replenishing 

50 with ink is started, an ink full condition is detected and 
the replenishing with ink is stopped after the expiration 
of a short time. Further, the subtank enters an ink-low 
state condition after the expiration of a short time period 
and thus the ink replenishing operation is frequently re- 

55 peated all the time. Therefore, replenishing with ink is 
not started until it is checked that the subtank enters an 
ink-low state condition and that the consumption 
amount of ink in the subtank 7 exceeds the predeter- 
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mined value as described above, so that the ink replen- 
ishing operation is repeated at sufficient time intervals. 
[0151] On the other hand, for example, if replenishing 
the subtank 7 with ink is started using only the count-up 
value of the consumed ink counter 109 shown at step 
S42, it is inevitable that a slight error will occur in the 
computation processing of the consumed ink amount 
calculator 107 shown in Fig. 16 and therefore the con- 
sumed ink counter 109 is reset and counted up repeat- 
edly, whereby errors are accumulated and the amount 
of ink in the subtank 7 gradually grows and enters an 
overflow condition; in the worst case, the result of leak- 
ing ink from the subtank 7 is incurred. Alternatively, the 
level of ink in the subtank gradually decreases and the 
subtank becomes empty of ink and an accident in which 
air enters the ink flow passage leading to the recording 
head may be caused. 

[0152] If the determination at step is "Yes," control 
goes to the routine of replenishing the subtank 7 with 
ink, as described above. At step S43 following step S42, 
ink level detection operation to monitor the ink level of 
the subtank based on replenishing with ink is performed. 
At this point in time, the ink level detection result is al- 
most always low and at step S44, the replenishing valve 
26 is opened and replenishing the subtank 7 with ink 
from the main tank 9 is started. 
[0153] At step S45, whether or not a time period in 
which the ink low condition has been continued reaches 
a predetermined value is checked. In other words, here 
the elapsed time period after the replenishing valve 26 
was opened at step S44 is measured by the timer 112 
shown in Fig. 16. At this point in time, the ink level low 
duration does not reach the predetermined time period 
and the determination is "No". Therefore, control again 
returns to step S43 via a loop of (A) shown in Fig. 23 
and the state of replenishing the subtank 7 with ink is 
monitored. That is, the ink replenishing routine from step 
S43 to S45 is repeated. If it is determined at step S43 
that the ink level of the subtank becomes a full condition, 
control goes to step S46. 

[0154] At step S46, the replenishing valve 26 is 
closed. The consumed ink counter 109 of the subtank 
7 is reset to zero as shown at step S47. At step S48, the 
count of the consumed ink counter (most recent) is sub- 
tracted from the count of the cartridge residual amount 
counter and control is returned. As this subtraction op- 
eration, as described above, the count of the consumed 
ink counter 109 of the subtank just before reset (most 
recent) is sent to the residual amount counter 1 1 0 of the 
main tank 9 and is subtracted from the count indicating 
the residual amount of ink in the main tank. Accordingly, 
the residual amount of ink in the main tank 9 can be man- 
aged. 

[0155] On the other hand, if an overflow condition is 
detected in a state in which replenishing the subtank 7 
with ink is monitored via the loop (A) as described 
above, the routine of step S35 and later previously de- 
scribed is entered and the overflow condition is again 



checked. 

[01 56] If it is determined at the step S45 that the time 
period in which the ink low condition has been continued 
exceeds the predetermined time period (Yes), it means 

5 that the subtank 7 is not sufficiently replenished with ink 
although the ink replenishing time of the subtank 7 
reaches a predetermined time period. Therefore, control 
goes to step S49 and the residual amount of ink in the 
ink cartridge is referenced. In this case, the value of the 

10 residual amount counter 1 1 0 of the main tank 9 is refer- 
enced and if the determination is ink-low state (Yes), ink 
in the ink cartridge is insufficient and the replenishing 
valve 26 is closed as shown at step S50. The replenish- 
ing stop flag is set as shown at step S51 . In this case, 

15 it is desirable that error display indicating that the ink 
cartridge is in an ink out (ink end) condition should be 
produced on the display 113. 

[01 57] If it is determined at the step S49 that the value 
of the residual amount counter 110 of the main tank 9 is 

20 not ink-low state (No), it can be assumed that the ink 
supply system undergoes some failure and the subtank 
is not replenished with ink. In this case, it is desirable 
that error display indicating an ink supply failure should 
be produced on the display 113. 

25 [0158] Fig. 24 shows a control routine for again check- 
ing whether or not the subtank is in an overflow condition 
after ink is consumed through the recording head when 
the ink amount detector of the subtank detects an over- 
flow condition of a larger amount of ink than the prede- 

30 termined value. The routine is executed separately for 
each of the main tanks as ink cartridges and each of the 
subtanks corresponding thereto. The control routine is 
started every five seconds, for example, during printing 
of the recording apparatus, and whether or not replen- 

35 ishing the subtank with ink from the main tank is enabled 
is determined. 

[0159] The control routine shown in Fig. 24 has a con- 
trol mode roughly similar to that of the control routine 
previously described with reference to Fig. 23. There- 
to fore, the corresponding steps are denoted by the same 
step numbers and will not be discussed again in detail. 
In the control routine shown in Fig. 24, if the condition 
is determined an overflow at the determination of ink lev- 
el in the subtank at step S33, control goes to step S52. 
45 As shown at step S52, print is executed to the end of a 
predetermined number of page, thereby consuming ink 
through the recording head. 

[0160] In this case, it is practical to control so as to 
continue the print execution of the predetermined 

so amount to the end of the corresponding one page; for 
example, however, print execution may be continued to 
the end of all pages corresponding to the print command 
received from the host computer. Control goes to step 
S43 in the state in which ink is consumed by executing 

55 the step S52, and again the ink level condition in the 
subtank is checked. If the condition is still determined 
an overflow as a result of the rechecking, the routine at 
step S35 and later is entered. 
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[0161] In the control routine shown in Fig. 24, the re- 
checking at steps S38 to S41 shown in Fig. 23 is not 
executed. The reason why the rechecking is not execut- 
ed is that whether or not the condition is still an overflow 
is already rechecked at step S43 after ink is consumed 
at step S53. 

[0162] As seen from the description made above, ac- 
cording to the ink jet recording apparatus adopting the 
check method of the ink replenished amount of the sub- 
tank, the ink amount detector of the subtank detects an 
overflow condition of a larger amount of ink than the pre- 
determined value, whether or not the condition is an ink 
overflow condition is rechecked after execution of the 
recovery measure. If the overflow condition is released 
as a result of the rechecking, the printable state is con- 
tinued, so that stopping the operation of the recording 
apparatus caused by an erroneous determination made 
accidentally can be avoided. 

[0163] In each of the embodiments previously de- 
scribed with reference to Figs. 2 to 24, air pressure pro- 
duced by the air compressing pump is applied to each 
subtank and the corresponding ink replenishing valve is 
opened or closed in response to the detection condition 
of the amount of ink stored in each subtank; each em- 
bodiment is shown as one preferred embodiment in the 
ink supply system of the recording apparatus. 
[0164] However, the invention is not limited to the em- 
bodiments; for example, a mode as shown in Fig. 25 can 
also be adopted preferably. That is, in the mode shown 
in Fig. 25, an ink supply system is shown schematically 
and can be described in comparison with the ink supply 
system previously described with reference to Fig. 2. 
Parts corresponding to those previously described with 
reference to Fig. 2 are denoted by the same reference 
numerals in Fig. 25 and therefore will not be discussed 
again in detail. 

[0165] In the ink supply system shown in Fig. 25, an 
ink pack 24 formed of a flexible material in which ink is 
sealed is stored in a main tank 9 and the ink sealed in 
the ink pack 24 is sent out by driving an ink supplying 
pump 38 as an ink replenishing controller so that a sub- 
tank 7 is replenished with the ink via a flexible tube 10 
as an ink replenishing passage. 
[0166] The ink supplying pump 38 is driven appropri- 
ately in response to the detection state of ink amount 
detector made up of a combination of a permanent mag- 
net 32 on a float member 31 placed in the subtank 7 and 
hall devices 33a and 33b. 

[0167] According to the configuration, if it is recog- 
nized that the amount of ink in the subtank 7 lowers 
based on the electric output provided by the hall devices 
33a and 33b, the ink supplying pump 38 corresponding 
to the subtank is driven, whereby the subtank is replen- 
ished with ink separately from the main tank. If the 
amount of ink in the subtank 7 reaches a predetermined 
volume, driving the ink supplying pump 38 is stopped 
based on the electric output of the hall devices 33a and 
33b mentioned above. Such a sequence is repeated, 



whereby the subtank is replenished intermittently with 
ink from the main tank and an almost constant amount 
of ink is always stored in each subtank. 
[0168] According to the configuration, the configura- 

5 tion of applying the air pressure produced by the air 
compressing pump forming a part of the compressor 
unit to each main tank as in the embodiments shown in 
Figs. 2 to 24 becomes unnecessary, so that the config- 
uration of the ink supply system can be simplified to 

10 some extent. 

[0169] In the ink supply system shown in Fig. 25, if the 
operation power of the recording apparatus is turned off, 
driving the ink supplying pump 38 is also stopped, of 
course, and ink flow is blocked. Accordingly, a problem 

15 of backward flowing of ink from each subtank 7 to each 
main tank 9 can be circumvented. In the ink supply sys- 
tem shown in Fig. 25, the consumed ink amount calcu- 
lator in each subtank, which is provided as a software, 
can also be used together. 

20 [0170] Next, a third embodiment will be discussed 
with reference to Figs. 26 and 27. Parts identical with or 
corresponding to those previously described with refer- 
ence to Figs. 2 to 25 are denoted by the same reference 
numerals in Figs. 26 and 27 and will not be discussed 

25 again. In the embodiment, a subtank unit is replenished 
with an amount of ink matching the amount of ink con- 
sumed in a recording head by pump controller, so that 
the ink level in the subtank unit can be maintained with 
high accuracy in an optimum state for print without in- 

30 curring complicity of a structure of ink level detector, etc. 
[0171] Fig. 26 is a block diagram to show the third em- 
bodiment. A subtank unit 7 is implemented as a vessel 
comprising an atmospheric release port 7e and an ink 
supply port 10a in the top and a float member 31 for 

35 detecting an ink level is placed in the vessel. A magnetic 
substance 32 is placed on the float member 31 and mag- 
netoelectric devices 33a and 33b each as a sensor for 
detecting the magnetic substance 32 are placed at po- 
sitions facing the upper and lower limits of the ink level. 

40 [01 72] An ink cartridge 9 in the embodiment compris- 
es an ink pack 24 stored in a hard case that can be 
sealed and an air pump 120 is connected to the space 
between the hard case and the ink pack 24 so that the 
ink pack 24 is compressed by air for discharging ink. 

45 [01 73] Pump controller 1 21 controls a flow amount so 
that the ink level in the subtank unit becomes at least 
above the lower limit value and below the upper limit 
value based on signals from the magnetoelectric devic- 
es 33a and 33b as sensors, and drives an air pump 1 20 

50 in response to ejection by head driver 101 . 

[0174] In the embodiment, when the subtank unit 7 is 
not replenished with ink, the pump controller 121 drives 
the air pump 120 based on the signals from the magne- 
toelectric devices 33a and 33b as replenishing sensors 

55 for the subtank 7 with ink in an ink cartridge 9 to a stip- 
ulated level. 

[0175] When a print signal is input from a host not 
shown, print controller 100 controls the head driver 101 
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to execute print through a recording head 6. The pump 
controller 121 adjusts the displacement of the air pump 
120 while detecting the amount of ink consumed 
through the recording head 3 based on a signal from the 
head driver 21 , and discharges ink so that the ink outflow 5 
amount from the ink cartridge 6 matches the consumed 
ink amount in the print. 

[0176] Accordingly, at the text print time less consum- 
ing ink, ink in the ink cartridge 9 flows into the subtank 
7 in a small flow amount and in graphics print, etc., much 10 
consuming ink, ink in the ink cartridge 9 flows into the 
subtank 7 in a large flow amount, so that the ink level in 
the subtank is always maintained in an optimum state. 
[0177] Since the subtank unit 7 is thus replenished 
with an amount of ink matching the consumed ink 15 
amount in the recording head 6 from the ink cartridge, 
the ink level in the subtank unit can always be main- 
tained in an optimum state without receiving the effect 
of hysteresis or a dead band of the ink level detector of 
the float, etc. 20 
[0178] In the above-described embodiment, the ink 
pack 24 is compressed by air for replenishing the sub- 
tank 7 with ink, but if an ink supplying pump 122 is con- 
nected to a midpoint of an ink supply tube 10 as shown 
in Fig. 27 and the flow amount of the pump 1 22 is con- 25 
trolled, a similar advantage can also be provided. 
[0179] An ink replenishing method capable of proper- 
ly maintaining the ink level in the subtank 7 using the 
magnetoelectric devices 33a and 33b as sensors and 
judgement circuit in the third embodiment described 30 
above will be discussed with reference to Fig. 28. 
[0180] As shown in Fig. 28, the magnetoelectric de- 
vices 33a and 33b as sensors are placed with a spacing 
of AH1 + AH 2 so that ink in the subtank 7 can be detect- 
ed above and below stipulated level L0 and a magnetic 35 
field of the permanent magnet 32 as an indicator can be 
detected in a predetermined range, namely, a range A 
in which the ink level should be maintained at the same 
time. 

[0181] Accordingly, if the float member 31 moves *o 
down more than AA1 below the position corresponding 
to the stipulated level L0, the magnetic field of the indi- 
cator 32 does not act on the upper magnetic sensor 33a 
and the fact that the ink level decreases to the liquid 
amount requiring pouring can be detected, and if the 45 
float member 31 moves up more than AA2 above the 
position corresponding to the stipulated level L0, the 
magnetic field of the indicator 32 does not act on the 
lower magnetic sensor 33b and the fact that the ink level 
reaches the liquid amount to stop pouring can be de- 50 
tected. 

[01 82] That is, in the range of AA1 + AA2 in which the 
ink level should be maintained properly, the magnetic 
flux distribution of the indicator 32, the sensitivities of 
the magnetic sensors 33a and 33b, and the placement 55 
spacing AH1 + AH2 therebetween are adjusted so that 
the magnetic field of the indicator 32 acts on the two 
magnetic sensors 33a and 33b at the same time. 



[0183] The range of AA1 + AA2 in which the ink level 
should be maintained becomes narrow if the spacing 
between the magnetic sensors 33a and 33b is widened, 
and the range becomes wide if the spacing is lessened. 
If an indicator having a large magnetic flux distribution 
in an up and down direction is used as the indicator 32, 
the range in which the ink level should be maintained 
can be enlarged. 

[0184] The float member is formed on the top with a 
projection 31a (see Figs. 26 and 27) for defining the up- 
per limit position of the float member 31 regardless of a 
rise in the ink level, and the projection 31 a abuts the 
upper face of the subtank 7 for limiting the rise position 
of the float member 31 and preventing the float member 
31 from moving outside the detection range of the mag- 
netic sensor 33a. 

[01 85] In the embodiment, the float member is formed 
with the projection 31a for regulating the upper limit, but 
if the subtank is formed with a projection, a similar ad- 
vantage can also be provided. 
[0186] A judgement circuit 123 for receiving signals 
from the magnetic sensors 33a and 33b assumes that 
ink is of a too small amount, and outputs a first error 
signal if the first and second magnetic sensors 33a and 
33b output both low signals (in the embodiment, the low 
signal means a state in which a magnetic flux is not de- 
tected and a high signal means a state in which a mag- 
netic flux is detected). 

[0187] If a high signal is output only from the first mag- 
netic sensor 33b at the lower position, a pouring start 
signal is output. 

[0188] Further, high signals are output from both the 
first and second magnetic sensors 33a and 33b, the liq- 
uid amount is maintained properly and therefore a pour- 
ing stop signal is output. 

[0189] Further, if a high signal is output only from the 
second magnetic sensor 33a at the upper position, it is 
assumed that ink is oversupplied, and a second error 
signal is output. 

[01 90] The first error signal from the judgement circuit 
123 is output to an alarm 124, the pouring start signal 
and the pouring stop signal are output to pump driver 
121, and the second error signal is output to a forcible 
stopper 125, in the embodiment, a switch for outputting 
drive power to the pump 120 (122). 
[0191] Such control is performed, whereby the ink lev- 
el in ink supply unit 3 is maintained in the range of -AA1 
to +AA2 sandwiching the stipulated level L0 therebe- 
tween and ink can be supplied to the recording head 4 
at the water head difference appropriate for print. 
[0192] By the way, if the pump 120 (1 22) continues to 
operate because of trouble of the pump driver 105 al- 
though the judgement circuit 123 outputs a pouring stop 
signal at replenishing with ink, the float member 31 
moves up to a top dead center defined by the projection 
31a. In this state, a low signal is output from the first 
magnetic sensor 33b and a high signal is output from 
the second magnetic sensor 33a and thus the judge- 
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ment circuit 1 23 outputs a second error signal to the for- 
cible stopper 1 25 for shutting down the operation power 
supplied to the pump 120 (122) and forcibly stopping 
pouring of ink, thereby preventing an overflow. 
[0193] If a larger amount of ink than the stipulated 5 
amount is thus poured, the float member 31 is stayed at 
the given upper limit position by the projection 31 a, so 
that the magnetic field of the indicator 32 acts on the 
second magnetic sensor 33a and the state can be dis- 
tinguished from the state in which ink becomes too 
small. That is, if the upper limit position of the float mem- 
ber 31 is not regulated, the indicator 32 moves to a po- 
sition at which the magnetic field of the indicator 32 does 
not act on the second magnetic sensor 33a, and the 
state cannot be distinguished from the state in which ink 
becomes too small. 

[01 94] As described above, the indicator of a magnet- 
ic substance is placed in the subtank, the float member 
whose upper limit position is regulated is housed, at 
least two magnetic sensors are placed so as to sand- 
wich the stipulated ink level therebetween in the up and 
down direction in areas being outside the ink supplier, 
where the magnetic flux of the indicator can be received 
at the same time, and at least three types of ink levels 
are detected based on the signals of the magnetic sen- 
sors, so that not only the predetermined width, but also 
the limit amount of the amount of ink in the ink supply 
unit is detected by a number of sensors as small as pos- 
sible, and the subtank can be replenished with ink with 
high accuracy. 

[0195] In the ink jet recording apparatus, if the time 
elapses with the subtank filled with ink, the dissolved air 
amount of ink in the subtank increases and the ink be- 
comes saturated. If print is started in a state in which ink 
in the subtank is thus saturated, a sufficient negative 
pressure is not applied in the recording head and the 
eject state becomes unstable and at the cleaning time, 
bubbles occur and the cleaning easily becomes insuffi- 
cient; this is a problem. 

[0196] Next, an embodiment for solving such a prob- 
lem will be discussed. An ink jet recording apparatus 
comprises: a print controller 1 00 for creating bit map da- 
ta based on a print signal from a host; a carriage con- 
troller 130 for controlling a motor 131 for controlling a 
movement of a carriage 1 in a main scanning direction; 
and a head driver 101 for driving piezoelectric vibrators 
based on a signal from the print controller 100 for eject- 
ing ink drops through a recording head 6. 
[01 97] The recording apparatus also comprises a tim- 
er 133 being started when the power of the recording 
apparatus is turned off, etc., for measuring the non-op- 
erating period of the recording apparatus until the power 
is then turned on, and a refilling (re-replenishing) con- 
troller 132 for discharging ink in a subtank 7 and filling 
again the subtank with fresh ink in a main tank 9 if the 
non-operating time measured by the timer 133 reaches 
at a predetermined time period or more. 
[0198] A discharging passage 134 provided with a 



discharging valve 135 opened and closed as instructed 
by the refilling controller 132 communicates with the 
subtank 7. On the other hand, the main tank 9 is provid- 
ed with a pack compressor 1 36 consisting of an air com- 
pressing pump 21, a pressure regulating valve 22, and 
a pressure detector 23 for pressurizing the inside of the 
main tank 9 to compress an ink pack 24 for filling (re- 
plenishing) the subtank 7 with ink in the ink pack 244 as 
instructed by the refilling controller 132. 
[0199] Here, the dissolved air amount of ink in the 
subtank 7 increases and soon the ink becomes saturat- 
ed as the non-operating time of the recording apparatus 
since the recording apparatus was turned off is pro- 
longed. If print is executed in such ink with the dissolved 
ink saturated, cleaning and ejecting become easily un- 
stable as described above. 

[0200] Therefore, the predetermined time period for 
determining whether or not the subtank is to be re-filled 
(re-replenished) with ink is set to the time at which the 
saturation degree of ink in the subtank 7 arrives at a 
given value or more and when the recording apparatus 
in a non-operating state is turned on, if the non-operat- 
ing time exceeds the time, the saturation degree of ink 
in the subtank 7 is high and thus the ink in the subtank 
is discharged and is replaced with fresh ink before print 
is executed. On the other hand, if the non-operating time 
does not reach the time, since the ink ejection is stable 
to some extent, print is executed without performing the 
cleaning or the refilling (re-replenishing). 
[0201] The recording apparatus having the configura- 
tion described above can be used, for example, as fol- 
lows: First, when the power of the recording apparatus 
in a non-operating state is turned on, the timer 133 
measures the non-operating time until the power is now 
turned on since the power was previously turned off. 
Next, if the non-operating time measured by the timer 
133 reaches a predetermined time period, as instructed 
by the refilling controller 132, the discharging valve 135 
is opened for discharging ink remaining in the subtank 
7, and then the pack compressor 136 pressurizes the 
inside of the main tank 9 to compress the ink pack 24 
for filling the subtank 7 with ink in the ink pack 24. The 
subtank 7 is filled with fresh ink before print is executed. 
On the other hand, if the non-operating time period 
measured by the timer 133 does not exceed the prede- 
termined time period, print is started. 
[0202] Thus, if the ink in the subtank 7 becomes sat- 
urated while the recording apparatus is non-operating, 
when operation of the recording apparatus is restarted, 
the saturated ink is discharged and is replaced with 
fresh ink, so that instabilization of cleaning and ejecting 
caused by ink degradation in the subtank 7 is prevented. 
Ink not so much degraded in a short non-operating time 
need not be discharged, so that fruitless consumption 
of ink can be decreased. 

[0203] In the above-described embodiment, the sub- 
tank 7 may be filled with ink before the recording appa- 
ratus enters a non-operating state. In doing so, the time 
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until the dissolved air of ink in the subtank 7 reaches 
saturation can be prolonged to the maximum, so that 
the predetermined time period can be set long accord- 
ingly and while the non-operating time is not so much 
long, operation of the recording apparatus can be re- 
started without replacing ink in the subtank 7 and fruit- 
less consumption of ink can be decreased. 
[0204] More preferably, a residual amount sensor 1 37 
consisting of a permanent magnet 32 and a hall device 
33 for sensing the residual amount of ink in a subtank 7 
is provided as shown in Fig. 29, and a timer 133 is set 
so that a time period X until the refilling is performed 
becomes shorter as the residual amount of ink in the 
subtank 7 is less, as shown in Fig. 30. In the example, 
when the residual amount of ink is to one third, the time 
period X is set to one week, when the residual amount 
of ink is in the range of a third to two thirds, the time 
period X is set to two week, and when the residual 
amount of ink is in the range of two thirds to a fill-up, the 
time period X is set to three weeks. 
[0205] In the recording apparatus, saturated ink is dis- 
charged reliably and ink not so much degraded need not 
be discharged, so that the ink use efficiency can be en- 
hanced. When the recording apparatus shown in Fig. 29 
is used and operation of the recording apparatus in a 
non-operating state is restarted, ink in the subtank 7 
may be discharged with some of the ink left and the sub- 
tank 7 may be filled with fresh ink, as shown in Fig. 31. 
In the example, ink in the subtank 7 is discharged to one 
third the capacity of the subtank 7 and the subtank is 
filled with fresh ink with the ink left in the subtank in one 
third the capacity. 

[0206] In the recording apparatus, if saturated ink re- 
mains in the subtank 7 to some extent, the ink is mixed 
with fresh ink, whereby the saturation degree can be 
lowered until given stability can be provided as a whole, 
so that ink consumption can be decreased accordingly. 



Claims 

1 . An ink jet recording apparatus comprising: 

a recording head mounted on a carriage to be 
reciprocately moved in a widthwise direction of 
recording paper; and 

a subtank mounted on the carriage for supply- 
ing ink, which is replenished from a main tank, 
to the recording head, 

characterized in that 

the ink jet recording apparatus further com- 
prises: 

an ink amount detector, which detects an 
amount of ink stored in the subtank; and 
a replenishment controller, which controls re- 
plenishment of ink from the main tank to the 



subtank in accordance with the ink amount de- 
tected by the ink amount detector. 

2. The recording apparatus as set forth in claim 1, 
5 wherein the replenishment controller is provided in 

a replenishment passage which connects the main 
tank and the subtank. 

3. The recording apparatus as set forth in claim 2, fur- 
10 ther comprising a compressor unit which generates 

pressure to the main tank for replenishing ink stored 
in the main tank to the subtank, 

wherein the replenishment controller includes 
an ink replenishing valve which is opened or closed 
15 by a control signal generated by the ink amount de- 
tector. 

4. The recording apparatus as set forth in claim 1 or 
2, wherein the replenishment controller includes an 

20 ink supplying pump which is operated in accord- 
ance with the ink amount detected by the ink 
amount detector. 

5. The recording apparatus as set forth in claim 1 or 
25 2, wherein the replenishment controller includes a 

pump for replenishing ink stored in the main tank to 
the subtank, and a pump controller for controlling 
the pump in accordance with a drive signal sent to 
the recording head. 

30 

6. The recording apparatus as set forth in any one of 
claims 1 to 3, wherein the ink amount detector in- 
cludes a float member floating on ink stored in the 
subtank, and an output generator which generates 

35 an electrical output in accordance with a floating po- 
sition of the float member, which changes according 
to the stored ink amount. 

7. The recording apparatus as set forth in any one of 
40 claims 1 to 3, wherein the ink amount detector de- 
tects the ink amount stored in the subtank by calcu- 
lating an amount of ink ejected or sucked from the 
recording head. 

45 8. The recording apparatus as set forth in claim 6, 
wherein the output generator includes a permanent 
magnet disposed on the float member, and a mag- 
netoelectric element which generates the electrical 
output in accordance with a magnetic flux density 

50 changing its value according to the position of the 
float member. 

9. The recording apparatus as set forth in claim 8, 
wherein the magnetoelectric element is a hall ele- 

55 ment. 

10. The recording apparatus as set forth in claim 9, 
wherein a plurality of magnetoelectric elements are 
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arranged so as to generate output signals having 
different phases in accordance with a movement of 
the permanent magnet provided with the float mem- 
ber. 

11. The recording apparatus as set forth in claim 10, 
wherein at least two magnetoelectric elements are 
arranged above and below a predetermined level 
of ink such that both elements are able to detect the 
magnetic flux generated from the permanent mag- 
net so that at least three ink levels are recognized. 

12. The recording apparatus as set forth in claim 11, 
wherein the following states are recognized by the 
output signals from the magnetoelectric elements: 

a state in which ink stored is too few; 

a state in which the ink replenishment needs 

starting; 

a state in which the ink replenishment needs 
terminating; and 

a state in which ink stored is too much. 

13. The recording apparatus as set forth in any one of 
claims 1 to 3, wherein the replenishment controller 
blocks ink communication when an operation power 
of the apparatus is turned off. 

14. The recording apparatus as set forth in claim 3, 
wherein the ink replenishing valve includes a dia- 
phragm valve, a slide shaft provided in a substan- 
tially center portion of the diaphragm valve, and an 
actuator which moves the slide shaft in an axial di- 
rection thereof to open or close the diaphragm 
valve. 

15. The recording apparatus as set forth in claim 14, 
wherein the replenishing valve includes a case 
which accommodates the diaphragm valve therein, 
so that an aperture formed on the case is opened 
or closed by the diaphragm valve. 

16. The recording apparatus as set forth in claim 14 or 
15, wherein the center portion of the diaphragm 
valve is horizontally movable. 

17. The recording apparatus as set forth in claim 15, 
wherein an ink replenishing tube is vertically con- 
nected to the case; and 

wherein an ink supply passage extending to 
the aperture of the case and an ink supply passage 
extending from the case to the ink replenishing tube 
are perpendicular to each other. 

18. The recording apparatus as set forth in claim 14, 
wherein the actuator is an electromagnetic plunger. 

19. The recording apparatus as set forth in claim 18, 



wherein a driving force of the electromagnetic 
plunger is acted on one end of a pivotal driving lever 
so that the driving force is transmitted to the slide 
shaft via the other end of the driving lever. 

5 

20. The recording apparatus as set forth in claim 18 or 
19, wherein the diaphragm valve is opened when 
the electromagnetic plunger is activated, and is 
closed when the electromagnetic plunger is not ac- 

10 tivated. 

21. The recording apparatus as set forth in any one of 
claims 1 to 3, further comprising an ink end detector 
which determines that the ink cartridge is in an ink 

15 end state when an ink amount replenished to the 
subtank is insufficient even if a time period spent for 
the ink replenishment is a predetermined time peri- 
od or more. 

20 22. The recording apparatus as set forth in claim 21, 
further comprising: 

a consumed ink amount calculator, which cal- 
culates an ink amount consumed in the sub- 

25 tank; 

an ink replenishing valve, which is opened to 
replenish ink stored in the ink cartridge to the 
subtank, when the consumed ink amount cal- 
culated by the consumed ink amount calculator 

30 reaches a predetermined value; 

an ink amount detector, which closes the ink re- 
plenishing valve in accordance with a detection 
output which is provided when it is detected that 
ink stored in the subtank reaches a predeter- 

35 mined volume by the replenishment; 

a timer, which starts counting a time period 
when the ink replenishing valve is opened; and 
an ink end detector, which determines that the 
ink cartridge is in an ink end state when the de- 

40 tection output from the ink amount detector is 

absent even if the timer counts a predetermined 
time period. 

23. The recording apparatus as set forth in claim 21, 
45 further comprising a residual ink amount detector, 

which detects that an ink amount remaining in the 
ink cartridge is a predetermined amount or less, 

wherein the determination of the ink end de- 
tector is made effective when the residual ink 
50 amount detector detects that the residual ink 
amount is the predetermined amount or less. 

24. The recording apparatus as set forth in claim 22 or 
23, wherein the consumed ink amount calculator 

55 and the residual ink amount detector respectively 
calculate the consumed ink amount and the resid- 
ua! ink amount by multiplying coefficients which are 
respectively provided in association with ink ejec- 
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tion for printing, ink ejection for flushing, and ink 
suction for cleaning. 

25. The recording apparatus as set forth in claim 22, 
wherein the ink amount detector includes a float 
member floating on ink stored in the subtank, an 
output generator which generates an electrical out- 
put in accordance with a floating position of the float 
member, which changes according to the stored ink 
amount. 

26. The recording apparatus as set forth in any one of 
claims 1 to 3, further comprising: 

an ink replenishing valve which is opened or 
closed by a control signal generated by the ink 
amount detector; and 

a controller, which forcibly closes the ink re- 
plenishment valve when a predetermined time 
period is elapsed after the ink replenishment 
valve is opened. 

27. The recording apparatus as set forth in claim 26, 
wherein a recovery operation is performed when 
the ink amount detector detects an ink overflow 
state in which the ink amount stored in the subtank 
exceeds a predetermined value. 

28. The recording apparatus as set forth in claim 26, 
wherein the ink overflow state is rechecked after the 
recovery operation is completed. 

29. The recording apparatus as set forth in claim 28, 
wherein a printable condition is continued when the 
ink overflow state is not detected by the rechecking. 

30. The recording apparatus as set forth in claim 28, 
wherein an error condition is recognized when the 
ink overflow state is detected by the rechecking. 

31. The recording apparatus as set forth in claim 27, 
wherein the recovery operation is either one of an 
operation for discharging ink from the recording 
head or an operation for consuming ink. 

32. The recording apparatus as set forth in claim 31, 
wherein the discharging operation is performed by 
sealing a nozzle formation face of the recording 
head with a capping member and applying negative 
pressure generated by a suction pump therein. 

33. The recording apparatus as set forth in claim 32, 
wherein the discharging operation is repeatedly 
performed; and 

wherein the ink overflow state is checked eve- 
ry time when the discharging operation is per- 
formed. 



34. The recording apparatus as set forth in claim 33, 
wherein an error condition is recognized when the 
ink overflow state is detected even after the dis- 
charging operation is repeated at a predetermined 

5 number of times. 

35. The recording apparatus as set forth in claim 31 , 
wherein the consuming operation is performed by 
executing a predetermined amount of printing. 

10 

36. The recording apparatus as set forth in claim 35, 
wherein the printing is continued until printing for a 
subject page is finished. 

15 37. The recording apparatus as set forth in claim 28, 
wherein an error massage is displayed on a display 
when the ink overflow state is detected by the re- 
checking. 

20 38. The recording apparatus as set forth in claim 28, 
wherein an alarm massage is displayed on a display 
when the ink overflow state is not detected by the 
rechecking. 

25 39. The recording apparatus as set forth in any one of 
claims 1 to 3, wherein ink stored in the ink cartridge 
is replenished to the subtank when the ink amount 
detector detects that the ink amount stored in the 
subtank is a predetermined amount or less; and 

30 wherein the ink amount detector detects an 

ink low level which is determined as an ink amount 
capable of remaining in the subtank even after ink 
consumption by a single cleaning operation. 

35 40. The recording apparatus as set forth in claim 39, 
wherein the predetermined amount detected by the 
ink amount detector is an ink amount consumed by 
a single cleaning operation or more. 

40 41. The recording apparatus as set forth in claim 39, 
wherein the predetermined amount detected by the 
ink amount detector is an ink amount, which is de- 
fined by subtracting an ink amount replenished dur- 
ing the cleaning operation from an ink amount con- 

45 sumed by a single cleaning operation, or more. 

42. The recording apparatus as set forth in any one of 
claims 1 to 3, further comprising: 

50 a timer, which counts a time period in which the 

apparatus is not operated; 
a discharger, which discharges ink stored in the 
subtank; and 

a refilling controller, which controls the dis- 
ss charger and the replenishment controller such 
that ink stored in the subtank is discharged 
while replenishing ink stored in the main tank 
to the subtank, when the apparatus is recov- 
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ered from the non-operating state and a time 
period counted by the timer reaches a prede- 
termined time period. 

43. The recording apparatus as set forth in claim 42, 
further comprising a residual ink sensor, which de- 
tects an ink amount remaining in the subtank which 
is in the non-operating state, 

wherein the predetermined time period is 
made shorter as less amount of ink is detected by 
the residual ink sensor. 

44. The recording apparatus as set forth in claim 42 or 
43, wherein a part of ink left in the subtank is dis- 
charged when the apparatus is recovered from the 
non-operating state. 

45. A method of replenishing ink stored in a main tank 
to a subtank mounted on a carriage reciprocately 
moving in a widthwise direction of recording paper, 
together with a recording head, which are incorpo- 
rated in an ink jet recording apparatus, the method 
comprising the steps of: 

opening an ink replenishing valve provided in a 
replenishment passage which connects the 
main tank and the subtank, in accordance with 
an amount of ink stored in the subtank; and 
closing the ink replenishing valve, 
wherein pressure generated by an air com- 
pressing pump forming a compressor unit is ap- 
plied to the main tank; and 
wherein the opening and closing steps are re- 
peatedly performed. 

46. The replenishing method as set forth in claim 45, 
further comprising the steps of: 

driving the air compressing pump in accord- 
ance with a pressure state in an air passage 
connecting the air compressing pump and the 
main tank; and 

stopping the air compressing pump, 
wherein the driving and stopping steps are re- 
peatedly performed. 

47. The replenishing method as set forth in claim 45, 
further comprising the steps of: 

replenishing ink by opening the ink replenishing 
valve, when the ink amount detector detects 
that the ink amount stored in the subtank is less 
than a predetermined value; 
stopping the replenishment of ink by closing the 
ink replenishing valve, when the ink amount de- 
tector detects that a replenished ink amount in 
the subtank reaches a sufficient volume; and 
closing forcibly the ink replenishing valve, when 



a predetermined time period is elapsed after 
the replenishing step is started. 

48. The replenishing method as set forth in claim 47, 
5 further comprising the step of displaying an error 

message, when the forcible closing step is execut- 
ed. 

49. A method of checking replenishment of ink stored 
10 in a main tank to a subtank mounted on a carriage 

reciprocately moving in a widthwise direction of re- 
cording paper, together with a recording head, 
which are incorporated in an ink jet recording appa- 
ratus, the method comprising the steps of: 

15 

detecting an ink amount replenished to the sub- 
tank by the ink amount detector; 
discharging ink from the recording head when 
it is detected an ink overflow state in which the 

20 replenished ink amount detected by the detect- 

ing step exceeds a predetermined value; 
checking whether the subtank is in the ink over- 
flow state by detecting again an ink amount re- 
plenished to the subtank by the ink amount de- 

25 tector, after the discharging step; 

continuing a printable condition of the appara- 
tus when the ink overflow state is not detected 
by the checking step; and 
determining an error condition of the apparatus 

30 when the ink overflow state is detected by the 

checking step. 

50. A method of checking replenishment of ink stored 
in a main tank to a subtank mounted on a carriage 

35 reciprocately moving in a widthwise direction of re- 
cording paper, together with a recording head, 
which are incorporated in an ink jet recording appa- 
ratus, the method comprising the steps of: 

40 detecting an ink amount replenished to the sub- 

tank by the ink amount detector; 
discharging ink from the recording head when 
it is detected an ink overflow state in which the 
replenished ink amount detected by the detect- 

45 ing step exceeds a predetermined value, while 

incrementing a number of which the ink over- 
flow state is detected; 

repeating the discharging step and the incre- 
menting step while comparing the detected 
so number with a predetermined number; and 

detecting an error condition of the apparatus 
when the detected number reaches the prede- 
termined number. 

55 51 . The checking method as set forth in claim 49 or 50, 
wherein the discharging step includes the steps of: 

sealing a nozzle formation face of the recording 
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head with a capping member; and 

applying negative pressure therein, which is 

generated by a suction pump. 

52. A method of checking replenishment of ink stored 5 
in a main tank to a subtank mounted on a carriage 
reciprocately moving in a widthwise direction of re- 
cording paper, together with a recording head, 
which are incorporated in an ink jet recording appa- 
ratus, the method comprising the steps of: 10 

detecting an ink amount replenished to the sub- 
tank by the ink amount detector; 
performing a predetermined amount of printing 
when it is detected an ink overflow state in 15 
which the replenished ink amount detected by 
the detecting step exceeds a predetermined 
value; 

checking whether the subtank is in the ink over- 
flow state by detecting again an ink amount re- 20 
plenished to the subtank by the ink amount de- 
tector, after the printing step; 
continuing a printable condition of the appara- 
tus when the ink overflow state is not detected 
by the checking step; and 25 
determining an error condition of the apparatus 
when the ink overflow state is detected by the 
checking step. 

53. The checking method as set forth in claim 52, 30 
wherein the printing step is continued until printing 

for a subject page is finished. 
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S21 : subtank is overflow condition? 
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